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ABSTRACT 

The papers from a conference on computer 
communication networks are divided into five groups — trends, 
applications, problems and impairments, solutions and tools, impact 
on society and education. The impact of such developing technologies 
as cable television, the "wired nation," the telephone industry, and 
analog data storage is projected. Various applications of 
communications networks are described; among them are a national 
biomedical network, an air traffic control system, and a 
modernization of the U.S. Postal Service. Some of the problems caused 
by costs, time-sharing, voice grade communications and other 
technical considerations are examined. The solutions to some 
difficult technical problems are offered. The effect on society of 
increased communication between computers is discussed with 
particular emphasis on the rights of the individual to privacy and 
confidential information. (JY) 
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IMPACT OF INFORMATION TECHNOLOGY ON THE FUTURE DIRECTION OF U.S. SOCIETY 



Willis W. Harman 

Director, Educational Policy Research Center 
Stanford Research Institute 
Menlo Park, California 
94025 

(415) 326-6200 Ext. 4451 



Forecasts of future-shaping applications of information technology are by nov/ commonplace — in 
banking and finance, industrial process control, engineering design, research and education, 
medicine, new types of communication services, individual home applications, and many other areas. 

Negative impacts of information technology typically mentioned include invasions of privacy, 

Big Brother surveillance by governments, movement toward a centralist cybernated economy, political 
leadership problems brought about by the possibility of "instant plebiscite." 

Advances in the storage, retrieval, processing and distribution of knowledge have become an 
indispensable part of the technostructure of modern society. The business life of the nation could not 
go on without them. The new ways of handling information have brought about fundamental changes in 
governmental and political processes. They have altered the psychological and cultural attitudes 
of hundreds of millions who have only the haziest notions of how the new technology works. 

The cultural impact has already begun to show itself. There is a schism between those of the elite 
group who know how to exploit the systematized knowledge in which the new information technology 
traffics — and the majority who fear manipulation by that knowledge power which they only dimly under- 
stand. This split is manifested in a growing anti-expertise sentiment. 

The fears have some foundation. It is easy to imagine ways in which these technologies might be 
used to facilitate the centralization of power; the cynical manipulation of political, economic and 
cultural Publics; the regimentation of thought and work; the devaluation of every part of life that 
cannot readily be quantified or otherwise processed. 

Information technology can be a potent tool applied to the governing of societal processes and the 
resolution of societal problems — possibly thereby contributing to an ever more powerful centralized 
government. It can also constitute a means by which decentralized democratic government can be 
facilitated. The balance between these two may be one of the most fateful choices the society will 
make in the last third of this century. 

This issue is but one facet of a more fundamental problem the society faces — namely that the 
multitudinous individual microdecisions which comprise the everyday activity of the technostructure 
(e.g., to employ knowledge, to apply a new technology, to create and take jobs, to use scarce 
resources, to affect the environment) are currently adding up to largely unsatisfactory macrodecisions. 
There are a- number of reasons this is true to an extent it was not true in the past. A tendency, for 
the past four decades at least, has been for increasing reliance on government to provide the regulation 
to keep the macrodecisions in a tolerable range. But this leads in the direction of bureaucratic 
giantism and centralized control. There is another way to go; however it requires a shift in the 
operative values of persons and institutions. 
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Impact of CATV on the Communications Industry and the 
Public , E. M. Allen, Western Communications, Inc. 

As a representative of the CATV industry, it is 
indeed a pleasure for me, both as a Bay Area cable 
television operator and as a Director of the National 
Cable Television Association, to be offered this oppor- 
tunity to address your Conference. 

Frankly, as only about 87 n of the people of the 
United States even know what the CATV industry is (and 
that CATV stands for "community antenna television"), 
our industry needs and welcomes the greatest possible 
public exposure we can get. In this regard, some 
people refer to us as Cat-V and, on occasion, Cat-Five. 
To clarify at the outset, our industry is not Cat-V or 
Cat-Five or, for that matter, Pay Television - it is 
CATV - it is "community antenna television" - it is 
"cable television". However, as I shall try to point 
out in my remarks, we now have the exciting opportun- 
ity and in the rather near term, to become something 
substantially more than just our present 'good recep- 
tion" service. 

As the Bay Area has such a high degree of CATV 
subs criber ship , I am going to assume that all of you 
know what is meant by CATV. Therefore, I'll avoid the 
kindergarten definitions as to just what CATV is (or 
isn't) and go directly to my remarks. 

I should like to address my remarks to the ques- 
tion "What will be the impact of cable television on 
the future of our present communications industry". 

It wasn’t too many years after cable television came 
into being (about 20 years ago) - after broadcasters 
got over the shock of having someone expand their area 
of coverage for free - that Monday morning quarterbacks, 
prophets, and other assorted seers began making predic- 
tions about CATV’s impact on radio, television, news- 
papers, magazines, the Telephone Company and just about 
every other form of communications that exists in this 
country. Some saw the early demise of television - 
just as earlier Cassandras saw the demise of radio as 
soon as those fuzzy, jerky images first appeared on 
that unwieldy box in our living rooms. In fact, as an 
owner of a radio station, I must admit to being one of 
those early Cassandras and even went so far as to send 
my business cards back to my local printer to have diem 
over-printed in red with the message "Help stamp out 
TV". And, of course, it was predicted that newspapers, 
as we presently know them, would ultimately be doomed 
just as soon as cable got around to transmitting out 
daily news by facsimile. 

Now, some ten years after this initial wailing 
began, the prophets of doom are still at it. Cable 
television has grown quite a bit - there are now over 
2,700 systems serving some six million homes in about 
4,500 small communities across the nation - and cable 
television's impact is now an even hotter topic. My 
reference to these early prognosticators may give you 
an idea of what we are up against in trying to predict 
the future impact of cable television. With just a 
few exceptions, we don't have much actual experience 
to go on. To steal a line Alvin Toffler used in his 
book, Future Shock , "To prophesy is extremely difficult, 
especially with respect to the future". 

Keeping that, in mind, let me offer this proposi- 
tion: The impact of cable television on our existing 

communications system will be quite minimal. On the 
other hand, the impact of cable on the public at large 
will be nothing less than revolutionary. Can these 
two statements square? I hope tp marshall the evidence 
to show that they can. 

First, I would ask you to consider this rather 
mundane truth. Times change, and we are forced to 
change with them. When you consider cable television’s 



impact on broadcasting, for example, you should remem- 
ber that broadcasting, in five or ten years time, will 
not be what it is today. The same is true of newspapers 
and,, probably, of radio. Look closely at each of these 
media and try to recall what they were like twenty years 
ago. I think you will find that there are substantial 
differences between what you saw and read and heard in 
1950 (and how it was presented) as opposed to what you 
see and read and hear now (and how it is presented). 
Perhaps some will argue there is not enough difference. 
But differences there are - and there will be many more 
by 1980. The pace has quickened - the needs have 
changed . 

Admittedly, cable communications will be one of 
the elements that stimulates change in these businesses, 
or at least I hope it will. But it is by no means the 
sole element. There are other potent forces at work - 
social, political, and governmental pressures, previous* 
ly unarticulated public needs, new technologies and 
techniques. Business has adapted in the past, and it 
will continue to adapt. Competition is still a good 
idea and still the best way I know of to get a better 
product. In short, there should be little question 
that the media of the future will be quite different 
from what they are now. 

Parenthetically, I sometimes think this is one of 
the great problems that exists between broadcasters and 
cablemen . A television broadcaster looks at his busi- 
ness now and, for the life of him, can't imagine how he 
can continue that business with competition from 
Nicholas Johnson of the FCC, the D.C. Court of Appeals, 
irate mothers, minority groups on both the left and 
right, newspapers, radio and cable television to boot. 

The catch is, even if cable didn't exist, he would 
probably be doing something quite different in the 
future anyway because of these and other pressures. 

In considering cable’s impact on existing media, 
let’s first look at the TV networks, independent UHF 
and VHF television stations ra nd newspapers. 

In seems clear that there will be minimal, if any, 
adverse economic impact on the networks or their affil- 
iates. Their general share of the audience in America 
seems impervious to assaults of diversity. It will be 
a good long time before any cable outfit, network or 
otherwise, is in a position to compete with the networks 
for programming. 

Perhaps the best indication of cable's competitive 
threat to the networks comes from network executives 
themselves. In the past year I have seen statements 
(in Business Week and U.S. News & World Report ) from 
NBC’s Julian Goodman, ABC's Jim Duffy, and CBS' David 
Blank all dismissing the threat of cable. In fact, Mr. 
Blank says, somewhat deprecatingly , "In the decade of 
the 70' s, I'm doubtful that more than 25 percent of the 
country will be hooked up to cable". Well, right now 
less than ten percent of the country is hooked up. That 
extra 15 percent doesn't seem to bother him in the least. 
At least publicly, the networks don't seem to fear 
cable’s impact. 

What about independent stations, both UHF and VHF? 
Here is where the so-called "controversy" lies. We've 
seen detailed economic studies and statistical compila- 
tions attempting to gauge the impact of cable on these 
TV stations. Frankly, the issue has just about been 
beaten to death. ' What can we glean from all the debate? 
First, there is no documentation of any TV station 
going under, or even suffering substantially, because 
of competition from a cable system. That is based upon 
empirical evidence. In fact, a few years ago a friend 
of mine in the cable television industry offered a 
reward of $10,000 to any television station which could 
demonstrate that it had been substantially adversely 
affected by cable television competition and, to date, 
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that reward is still uncollected. 

But from there we slop into the realm of prophesy. 
The hard-line adamant broadcaster expresses concern 
about what happens when distant television signals are 
brought into "his" market. He claims those distant 
signals will destroy him. 

Yet, every major independent and impartial study 
in recent years (and I emphasize "independent 1 ' and 
"impartial") has recommended fewer restrictions on 
cable. The Rand Corporation reports, the new Sloan 
report, the report of President Johnson's Task Force 
on Communications Policy, the Office of Telecommunica- 
tions Policy, the Justice Department's memoranda on 
cable policy, even the Federal Communications Commis- 
sion's own detailed and exhaustive staff studies argue 
against the demise of so-called "free TV" if the 
present restrictions on cable are loosened. 

In fact, many of these studies claim that indepen- 
dent stations in both large and small markets, especial- 
ly UHF stations, may well be helped by the advent of 
extensive cable penetration. That is certainly the 
case here in the Bay Area - just ask Channel 44 in San 
Francisco, or Channel 40 in Sacramento, or 36 in San 
Jose. In the. case of UHF stations, the extended 
coverage provided by cable, equalized (and better) 
signal quality, and the ease of tuning which CATV gives 
would seem to more than offset any audience diminution 
caused by multiple signal availability. And, in yet 
another way, predicted audience fragmentation will 
also be lessened by the fact that these same studies 
show that CATV subscribers tend to watch more tele- 
vision, rather than viewing the local signals less. 

Even if at some point in the future, it could be 
adequately demonstrated that cable competition is 
significantly harming a television station to the 
detriment of the public interest, steps could be taken 
to meet that problem on an ad hoc basis, through what 
is called a "failing station do'ctrine". What should 
not happen, however, is that public policy be predica- 
ted on questionable and :ndemons trated presumptions of 
some imagined threat. In such a case, only the public 
is the loser. 

What of newspapers? Again I would turn to a 
spokesman for that industry. Stanford Smith, President 
of the American Newspaper Publishers Association, in 
comments recently submitted to President Nixon's 
Cabinet Committee on Cable Television said, "We view 
the cable medium as a positive adjunct or complementary 
avenue for the dissemination of information - specifi- 
cally news". Interestingly enough, ANPA also attached 
to its comments an article titled "Local Programs on 
CATV - No Major Menace to Newspapers". 

I think it is safe to say that the newspaper 
industry sees no tremendous threat from expanded cable 
television service. Certainly, for the near term, 
printed media have a time advantage over all audio/ 
visual media in that people can and will read a news- 
paper or magazine when they want to. Additionally, 
cable's competition for the local advertising dollar 
with the newspapers has been likened to the competition 
that exists today between a newspaper and an indepen- 
dent UHF station -- certainly not an unhealthy situa- 
tion. 

Perhaps, many more years down the pike, cable may 
represent more of a threat to newspapers, but I would 
suspect the threat will come not from cable per se, 
but from such problems as newsprint and production 
costs, and union troubles. 

In the meantime, I, as does Mr. Smith* see cable 
as a positive adjunct to newspapers. Already we are 
seeing many situations where local small town news- 
papers are developing cooperative arrangements with 



CATV systems. 

Finally, a word about the telephone company. As 
you may know, telephone companies have been barred from 
providing CATV service in the same area where they 
provide the telephone service. This and other FCC 
rulings have made telephone company involvement in the 
cable industry difficult. However, that is a matter of 
Federal regulatory policy, not cable competition per se. 

On the other hand, as cable grows and begins to 
acquire the means for providing extra services - such 
as utility meter reading - an interesting competitive 
situation could begin to develop between cable and the 
utilities. It's difficult to say much about what will 
develop here in terms of Federal policy - but it's 
hardly thinkable that cable will put the telephone 
company out of business. They've already wired up the 
nation; we're just getting started. 

The second half of my proposition is that CATV's 
impact on the public at large will be nothing less than 
revolutionary (and this will involve you) . You may 
fairly ask that if cable's impact on everything else 
will be minimal^ how can it have a revolutionary impact 
on the public? Several things explain this. First, 
and most obviously# all of cable's benefits are not 
going to come showering down on the public in the next 
two years. In particular, some of the more esoteric 
services - facsimile reproduction, information retrieval 
through computers, home shopping, burglar and fire alarm 
service - although technologically possible now (to 
some degree), are some years away on any large scale. 
However, you should know that in many erf these areas 
pilot programs are already in the works or operating. 

Secondly, and most important, don't presume that 
cable will be doing only those things that other media 
are now doing. If that were true, then cable wuu Id 
have to supplant other media in order to be viable . 

If you look closely, you find that cable will be 
supplementing not supplanting existing media services, 
offering new services, meeting needs that are not now 
being met due to economic and technical limitations. 

This is why cable's impact on the public will be revo- 
lutionary. 

These services touch upon almost every aspect of 
modern man's existence. In addition to their intrinsic 
value, they hold the promise of spreading the benefits 
of technology to low- income and disadvantaged groups 
by making education and information more readily avail- 
able. In fact, it is the less-favored groups of society 
who can be the real beneficiaries of the development of 
CATV, both absolutely and relatively. 

Let me be specific about some of the possibilities 
that seem most immediately realizable. Can open circuit 
(or over- the-air ) television serve as a means for almost 
unlimited local expression, for community or even neigh- 
borhood expression? I submit it cannot. It tries to, 
and in some cases it does a good job, but it is limited 
by its single channel and, because its financial base 
is commercial advertising, the need to reach a mass 
audience. I don't think you will find too many broad- 
casters who can or would argue that point. Cable can, 
through leased and public access channels, and truly 
local origination facilities, offer this unique oppor- 
tunity because its financial base is its subscribers. 

What about the educational possibilities? Again 
broadcast television is limited. In addition to the 
obvious single channel limitation, educationally 
speaking it is . inf lexible , passive, and certainly too 
expensive. It is not insignificant that what was once 
called "educational television" is now generally called 
"public television". Despite years of involvement, 
untold experiments, many false starts, and millions of 
dollars, television and education have not had the 
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happiest of marriages in this country. 

Several weeks ago, a Rand Corporation study con- 
cluded that cable television can serve instructional 
needs in education in a far more flexible and expanded 
manner than can over-the-air broadcas t ing. 

There are very real opportunities for capitalizing 
on the educational potential of the audio/visual medium 
through cable television, provided educators and cable 
people can get together in a realistic, cooperative 
manner (and that hasn't always been the case). This 
will be especially true when two-way interactive cable 
becomes a reality. 

So far, I have touched only on the new cable ser- 
vices which seem to be most immediately possible. I 
have deliberately avoided a discussion of the "blue sky" 
aspects of our future. In fact, I have been critical of 
our industry for the emphasis some members of the indus- 
try seem to put on these exotic "blue sky" services. 
Frankly, in the heat of competitive franchise battles, 
some members of our industry have promised the local 
governments services that, at the moment, we just can't 
deliver. Some of the publically-held CATV companies 
seem to have a penchant for extolling the "blue sky" in 
our future - perhpas as a way of supporting the price 
of their stock. I think, for the moment, we should soft- 
peddle this "blue sky" talk - we are only doing our 
industry a disservice. 

However, at a Conference like this, we must admit 
that the "blue sky" does exist and in the foreseeable 
future the computer industry and the CATV industry are 
going to be working partners in turning the "blue sky" 
into reality. 

I mentioned the fact that there are some 2,700 
cable systems presently operating in this country. Our 
industry has a present image of itself as a one-way 
distribution system and these 2,700 systems, while 
capable of delivering information into the home, do not 
have the. ability to extract information from the home. 
Thus, our future depends totally on the two-way capabil- 
ity of systems yet to be built* The consumer has a 
present desire (and it has been building for yeavs) to 
end his passive viewing role and actually communicate 
his wishes for goods and services without leaving the 
comfort of his home. An Chairman of the Federal 

Communications Commission, Dean Burch, told our Nation- 
al Convention in Washington last July, "What ultimately 
tips the scale in favor of cable's orderly growth are 
the benefits cable can bring over and beyond the mere 
distribution of commercial broadcast signals. These 
supplemental benefits are... the key to cable's future. 
Not sometime in the next century, or the next decade, 
but starting now". Among the services cited for this 
"remote control living" are: 

-Doctors making electronic house calls via cable. 

usinesses providing employees at-the-desk 
raining. 

-Improved police and fire department contact with 
the public. 

-Instant polling of the populace on, vital issues. 

-Consumer retrieval of facts from computerized 
libraries. 

-Shopping fr.om the home. 

-Transmission of business information from office 
to office by special circuits hooked up to tele- 
vision sets. 

Yes, the true future of our industry lies in the 
two-way systems yet to be built. These systems will be 
built - the Government will insist they be built - the 
consumer will insist they' be built,. In fact, prognas- 
ticators in our industry envision that ten years from 
now only one- fourth of our income will come from the 
service we are presently providing (the distribution of 
more and better television pictures) and three- fourths 
of our income ten years from now will be from services 



we are not now providing (or, in some cases, not even 
dreaming of). 

A certain limited number of two-way experiments 
are ' presen tly under way. One of my own systems (in 
South San Francisco) has an operating two-way line 
from its studio to the headend . Experiments are under 
way in Los Gatos and El Segundo, California, in Res ton, 
Virginia, in New York City, in Orlando, Florida, and 
in Overland Park, Kansas. 

Just how fast this two-way concept will develop is, 
realistically, a matter of economics. While we have a 
limited capability now, much more R&D must be done on 
some of the necessary hardware to fight the costs down 
to where they are realistic. For example, it is esti- 
mated that, at the present, the simplest two-way ter- 
minal would presently cost between $200 and $400. If 
you add a feature which would permit the customer to 
insert his credit card into the terminal, the cost 
could go to $500. A feature which would enable the 
gas or water company to read the meter without sending 
a man into the house, could increase the costs of the 
terminal device to as much as $600. If you add a video 
tape recorder- p layer (which could enable the customer to 
automatically record a TV program, store it in his TV 
set, and play it back through the set at a later time), 
the cost could go to $800 and if we are talking about 
a complete two-way video communication system, the 
terminal costs could soar over $1,000. 

Another part of the economics, in addition to the 
cost of the hardware, is the customer's willingness to 
pay for these extra services. Stanford Research Insti- 
tute, in their studies, feel that people will pay about 
$5 a month above their basic cable charge for each 
additional service that interests them - to a limit of 
about $20 per month for the entire package. Unfortun- 
ately, SRI also estimates that the present costs for 
such a package would be about $40 per month - or sub- 
stantially out of the financial reach of our subscribers. 

How far away, realistically, are these new services? 
The Rand Corporation feels that some of the simplest 
services are still at least five years away and that 
it may be a decade or more before many home subscri- 
bers car make requests over their cable for special- 
ized information or services from many different 
sources. So, at best, we're not talking about the 
"near" near term. The new systems have to be built, 
the R&D has to be done, and the demand has to be 
generated . 

So, in summary, my point is just this. Cable 
television will not destroy or supplant existing media. 
Those media will continue to exist; changing, adapting, 
doing what they best can, do. Some of that change may 
be due to cable, but much of it will come from other 
pressure - pressures which business has always faced 
and will continue to face. 

Conversely, cable will do that which it best can 
do - essentially what no one else has been able to do 
or has wanted to do. 

I have said a good deal about impact today. In 
closing, let me plug in one more type of impact. That 
is the impact of government regulation on cable (at 
the local, State and Federal level) and of the contin- 
uing at temps to have cable's growth thwarted. For the 
past three years the CATV industry has been laboring 
under what amounts to an absolute freeze on its growth 
in the top 100 markets of this country - the markets 
which contain about 857, of our population. Last sum- 
mer, the Federal Communications Commission, after years 
of deliberation and study, arrived at a compromise 
plan for cable's controlled and orderly growth which 
was presented to the Congress in a Letter of Intent on 
August 5th. Unfortunately, hard-line opponents of 
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cable's growth were not disposed to accept that compro- 
mise. Through heavy pressure at the very highest levels 
of government, they have now succeeded in ramming 
through still another and still more compromising 
position. It: was with substantial reluctance that I 
participated in our industry's national deliberations 
in which we ultimately (and most reluctantly) accepted 
this additional compromised position. 

Now the new law has been written. Whether, or if 9 
our industry is to be permitted to move ahead and serve 
the remaining 90-plus percent of the population of this 
country, will depend on how the language of this new 
Report and Order is translated into actual FCC regula- 
tion. The same forces who are motivated by political 
expediency and narrow self-interest are still working 
hard to dilute the ultimate capability of cable tele- 
vision. If they succeed, many of the services I have 
outlined to you today will be delayed, opportunities 
for important services needed now will be lost, and the 
public will be the big loser. That would be the very 
worst type of impact associated with cable television. 

However, if I may shift from my former position as 
a Cassandra to that of a Pollyanna, I sincerely feel 
that, with this newest compromise position now a matter 
of public record and concurred in (albeit reluctantly) 
by the broadcast industry and the cable television 
industry, "reasonable men reasoning together can arrive 
at reasonable solutions". It is said that the hall- 
mark of a true compromise is that nobody is fully 
satisfied with the result. I can assure you that 
neither the broadcast industry nor the cable television 
industry is fully satisfied with these newest regula- 
tions. And so, while the near term for cable televi- 
tion is not as near as I should like to see it, I think 
we are now ready to take that first step down the long 
road which will le<*d uSt, ultimately, to a communications 
revolution of unparalleled benefit to the American 
people and in a manner that some of our "blue sky 
projectionists" have not yet even dreamed. 

Cabls television, as I see it, will be the most 
exciting and potentially explosive industry on the 
horizon in the next decade. It will be absolutely on 
a par with our space efforts of the last decade but 
will truly reach and touch the lives of so many more 
average American citizens. It goes without saying, 
that I am both proud and privileged to consider myself 
a part of this revolutionary new concept of service 
to all mankind. 



ERIC 



{ 

) 



10 



Computer Communi cat ions in the Wired Nation of 
the Future 



D. A. Dunn 
Associate Professor 
Engineering -Economic 
Systems Dept. 

Stanford University 
Stanford, Calif. 943^5 

321-2300 x 2330 



fcy 

E. B. Parker 
Professor 
Communication 
Dept. 

Stanford University 
Stanford, Calif. 94305 

321-2300 x 2755 



Broadcast television is like the passenger rail- 
road, taking people to scheduled places at scheduled 
times. Cable television has the potential to he like 
a highway network permitting people to use their tele- 
vision sets like personal automobiles, selecting in- 
formation, education and entertainment at times and 
places of their own choosing. The technology of cable 
television (especially two-way cable television), 
video cassettes, computer information systems and com- 
munications satellite can permit the creation of an 
’information utility’ which could be used to foster 
equal social opportunity for every resident of the 
United States. 

Present cable television systems . At present 
there are 57 million television households, of which 
4.5 million are served by cable (l). The typical 
cable television system now has 12 or fewer channels 
of television capacity, primarily used for retransmis- 
sion of broadcast television. Revenue is obtained by 
selling (at rates of about $5 per month) better qual- 
ity television signals than those available over the 
air, or by selling reception of distant signals not 
locally available. 

A single television cable has the capacity for 
many more than 12 television signals, since present 
day cable amplifiers can amplify frequencies from 
zero to about 300 Megahertz (MHz ) and a bandwidth of 
6 MHz is required for each color television signal. 

In order to estimate the cost of the hardware for 
a 24-channel system (and more complex systems discussed 
below) the capital cost of a complete cable system is 
first calculated. The capital cost is then converted 
to a monthly cost and then to a cost per terminal hour 
that a user would expect to pay and a cost per channel 
hour that would have to be paid by any group or indi- 
vidual making exclusive use of a channel. 

The capital cost of a cable system per user de- 
pends strongly on the density of homes. For a density 
typical of urban locations with medium density, 50,000 
homes or apartments can be served by 100 miles of dis- 
tribution plant. Taking $15,000 per mile as the cost 
of the underground trunk line cables, allowing $45 per 
subscriber for house drops, and $ 50,000 for head-end 
buildings, antennas and related costs, a 10,000 sub- 
scriber system with 50 ^ market penetration would cost 
$110 per subscriber. These cost estimates are for 
typical underground systems and are based on informa- 
tion provided by the National Cable Television Associa- 
tion as reported by Comanor and Mitchell (2). To con- 
vert capital cost to monthly cost, we can assume a 
system life of 10 years, an interest rate of Q% per 
year and maintenance cost of 10^ per year, obtaining 
a monthly cost of l/48 of capital cost. The monthly 
cost that goes with the capital cost figure of^HO 
is then $ 2.29 per month per subscriber. If we assume 
80 hours per month -of usage by each terminal, the 
average cost per terminal hour is $ 0 . 03 . If we assume 
400 hours per month of transmission on each channel 
and 24 channels, the average cost per channel hour is 
$ 2 . 38 . 

Two-way communi cat i on . New cable television sys- 
tems are now being installed with channel capacity for 
ecmmunication of data from subscribers back to a 
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computer at the head~end of the cable system (3). Pre- 
sent system designs permit a single computer to collect 
information from as many as 10,000 users in less than 
two seconds (4). These same systems can automatically 
record whether the television set is on and what chan- 
nel it is tuned to. Figure 1 shows the network config- 
uration for this type of system. 

The terminal configuration at the subscriber’s 
end of such a system is likely to take the form shown 
in Fig. 2. In this configuration the house drop cable 
or cables are connected to a unit containing a modula- 
tor-demodulator (modem) and a digital memory. VJhen a 
signal is received from the computer in the data chan- 
nel it is demodulated and, if the address is that of 
this terminal, the data signal stored in the memory is 
read out, modulated, and transmitted upstream to the 
computer. Subscriber data messages are written into 
the memory through a 12-button pad. A paper tape re- 
corder may be used to record the subscriber’s message 
as he types them or to record acknowledging signals 
from the computer. 

The cost of a terminal configuration of this type, 
apart from the television set, is in the range of $100 
to $300 depending on the detailed design requirements 
and the quantity produced. We have estimated $200 for 
all items in Fig. 2 except the television set. Quan- 
tity production, on the order of tens of thousands of 
terminals per year, is assumed. Additional costs for 
a two-way system of this type include the cost of a 
return cable or upstream lowband amplifiers in the 
existing cable plus the cost of a computer at the head- 
end for polling, data storage and processing printout. 





Fig. 2. Terminal configuration of a two-way cable TV 
system. 
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Table 1. Typical Hardware Costs in Dollars for Three types of Cable TV Systems 
(not including TV set costs). 



Cost 

^"•v^Cat ego ry 
Type of 
System 


Capital 
Cost per 
Subscriber 


Monthly 
Cost per 
Subscriber 


Cost per 
Terminal 
Hour 


Cost per 
Channel 
Hour 


Maximum 
Number of 
S imul taneous 
Users 


Maximum 
Number of 
User Termi- 
nals per 
Channel 


Maximum 
Number of 
Pictures 
Simultaneously 
Displayed 


Conventional 24 
Channel One-Way 
TV (National 
Average Under- 
ground Trunk 
Costs ) 


no 


2.29 


0.03 


2.38 


10,000 


10,000 


24 


Interactive TV 
with SRS 


320 


6.67 


0.07 


6.95 


; 10,000 


10,000 


24 


Interactive TV 
with SRS and 
Single Frame 
Local Storage 


520 


10.82 

1 


0.14 


11.26 


-q ro 
* 0 
ro 

O c+ 
O 0 


30 to ; 
300 


720 to 

7,200 


o.o4 to 

0.37 



We est ima te $10 per subscriber for these items in a 
10,000 subscriber system of the type and density con- 
sidered above. When these costs are added to the one- 
way system costs, the total capital cost per sub- 
scriber beccmes $ 320 . 

Techniques such as those recently demonstrated 
in the Reston, Virginia cable system also permit 'time- 
sharing' the cable communication capacity for analog 
data (still pictures), with the television set be- 
coming a computer display terminal (5)- Completely 
individualized computer- aided instruction, information 
retrieval and other computer services can thus be 
brought to every home. This technique, using a local 
video storage device, permits on-demand display of 
digital or still video messages transmitted from a 
central location at reasonable cost. The technology 
required for this service is usually referred to as 
a ' frame -grabber' because it takes a single television 
picture (or 'frame') lasting l /30 of a second, grabs 
it out of all the other frames being transmitted on 
the cable, and then repeatedly supplies it to the set 
so that the viewer sees this frame as a still picture 
on his set. The key component of such a system is 
the unit that stores the frame locally. The system 
demonstrated in Reston utilized a commercially avail- 
able videotape recorder for this purpose . Other ap- 
proaches are possible, including storage tubes such 
as the plasma display tube ( 6 ) and recirculating de- 
lay line systems using delay lines with delays of l /30 
second or more. 

A critical cost parameter in such a system is the 
number of users that can share a channel. If the 
average time between frames for each user is one 
second, then the maximum number of users per channel 
is 30. If the average time is 10 seconds, 300 users 
can share the channel. We have est ima ted $200 per 
terminal for a ' frame -grabber' that could be inte- 
grated with the digital audience response capability 
discussed above. The cost estimate for this type of 
system is less certain than the other cost estimates 
given here, because frame-grabber technology is still 
in a state of rapid change. The cost per channel 
hour given in Table 1 is given first for this system 
as a cost for the channel as a whole and then as a 
cost for an individual using the channel either 1/300 
or l /30 of the time, corresponding to an average time 
between frames of 10 seconds or 1 second. 

An information utility . The technical potential 
described above can make possible an information util- 
ity providing an individual! zed communication system 
with on-demand information storage, processing and 
transmission capability (excluding motion video. 
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which would have to be shared with others at scheduled 
times). It may be visualized as a communication net- 
work providing access to a large number of retrieval 
systems in which nearly all information, entertain- 
ment, news, library archives and educational programs 
are available at any time to any person wanting them 

(T). 

The information utility is likely to be a series 
of different overlaid computer- communication networks, 
some competing with one another to provide similar 
functions, others providing different functions. These 
separate networks will share many of the same physical 
facilities, such as user terminals, communication lines 
and a switching computer. It is likely that each dif- 
ferent network or service will have its own separate 
computer, central data file, and computer software. 
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Abstract 

The paper summarizes the results of a study conducted 
in 1970-1971 by Paul Baran and the author, sponsored 
by the American Telephone and Telegraph Company, to 
examine the future of the telephone - industry . Vir- 
tually all of the necessary information, largely judg- 
mental, was obtained from panels of experts, who inter- 
acted anonymously through a series of questionnaires 
circulated through the mails. Two hundred ten expert 
"respondents" were selected individually for their 
personal technical knowledge and not as representa- 
tives of any organization. They came from a large 
number of organizations, including the Bell System. 

The conclusions of the experts deal only with proba- 
bility of developments, rather than with their 
desirability or lack of desirability. In very gen- 
eral terms, the findings suggest that the future of 
the telephone industry appears secure. Major growth 
is anticipated in many sectors of the business, and 
the services provided by this industry are not at 
variance with the long-term goals and needs of any 
major sector of our society. 

There are, however, some changes on the horizon, 
almost all originating outside the telephone indus- 
try. These are (1) £? movement to a form of competi- 
tion in some sectors of the business, (2) shifts in 
the nation's value system, (3) an under-current of 
public dissatisfaction with all industries, especially 
the more regulated ones, and (4) increasing adversary 
encounters with some previous supporters of the tele- 
phone business. The fundamental changes seem to hinge 
on the redivision of power among various sectors of 
society. It seems likely that the telephone industry 
will be able to live with the changes which appear to 
be coming down the road — but with varying degrees of 
comfort. 



Paul Baran and Andrew J. Lipinski, The Future of the 
Telephone Indust ry , 1970-1985 , Institute for the 
Future, Report R-20 (September 1971). 
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The supreme success of digital techniques 
comes from the speed and accuracy with which 
they can process data. Why then are the 
users of business EDP systems so often frus- 
trated by the mountains of output that seem 
necessary to obtain a. few key facts? 

One reason is that the digital strengths in 
processing have hidden the two weaknesses 
of digital storage. First of all, digital 
storage is expensive. It is true a bit may 
be stored on tape for 10”^ cents but a bit 
is a very small amount of information. A 
single 8-1/2 x 11 inch page can hold several 
million bits, and so cost several cents to 
store. Since business files often contain 
1 0 7 to 10® pages, these costs become major. 

Therefore, usually without realizing it, the 
assumption has spread that all information 
may be abstracted and that only this small 
part cf the original need be stored. Now, 
with 4,000 characters to a page, the number 
of bits has been cut 100:1 and digital stor- 
age becomes economical. But it is this 
abstracting process that is the Achilles' 
heel of EPD systems , for all too often it is 
the rejected piece of information that con- 
tains the odd fact that later is the key to 
why the process failed. In trying to prevent 
this, more and more information is abstracted 
and, worse still, more and more must be pre- 
sented to the eventual user. 

Analog storage attacks the problem from the 
other end. All is stored, at very low cost, 
and with tremendous (visual) redundancy. 

Error rates, by digital standards, may be 
absurdly high. One error in 10 6 is perfec- 
tion and one in 10 3 is quite usable. Storage 
costs of 0.2 cents per 8-1/2 x 11 inch sheet 
are history (either on magnetic tape or film) , 
and further reductions are already possible 
in the laboratory. 

One may object that the output of such a 
system is cluttered with evan more redundant 
information than the digital? however, the 
form this redundancy takes is often very 
different. The brain's ability to detect 
patterns, or to pick out the odd element, 
whether it be one number or one fingerprint 
out of thousands of similar ones, has yet to 
be equalled by a machine. 

Thus, both analog and digital storage systems 
have their places: . the analog where the 
emphasis is on storage, and where the risk 
of abstraction is high; the digital where 
data processing is the key. Business files, 
fingerprints , photographs , and medical 
records are good examples of where the loso 
by dxgital abstraction or conversion 
generally far outweighs any gain from the 
ability to process the information. 
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What is happening in computers and communica- 
tions has been called an "explosion," a "revolution," 
and a "discontinuity," Where this joint revolution 
is heading has been called "instant world," "electric 
supermarket," "wired nation," "information utility," 
and "global village." Even these broad terms may be 
too definite, since, as Gordon Thompson points out, 

"the assumption . . . that we really know what we are 
building is essentially groundless." 

It is quite clear, however, that wherever things 
are headed, the progression will be through specific, 
discrete applications involving the major "revolu- 
tionary" elements, of which four immediately stand 
out. There is a revolution in the complexity of 
soci o-techni cal problems and probably the beginnings 
of a user revolution: Confronted with proliferating 

new "post industrial" problems, users are beginning 
to search actively for suitable new information tools. 
The well known "computer revolution" and the "communi- 
cations revolution" are perhaps finally ready to be 
forged into just the kind of powerful information 
tools needed by users to cope with the "problem 
revolution." 

This conference occurs at a good time to examine 
the confluence of these four revolutionary streams, 
and to examine: the general trends and specific 

applications driving computer communications forward; 
the hurdles to be encountered and the means of sur- 
mounting them; and the social problems of "wiring a 
nation for computers." 

The papers in this Applications Session typify 
interactions between system elements likely to be 
involved whatever exact form information utilities 
might eventually take. Hopefully a mere handful of 
selected papers may nevertheless represent a broad 
range of specific problems, user communities, com- 
munications media, and computer applications. The 
topics include: medical databanking over a terres- 
trial/space satellite communications network; wideband 
satellite interconnection of widely separated com- 
puters; digital interconnection of inflight aircraft 
with an air traffic control computer system; satel- 
lite linking of pupils in remote Indian villages to 
the computing power of a large university computer 
center for computer assisted learning; the merger of 
video and computer technology in Instant Retrieval 
Television; and computer communications projects of 
one of the Nation's largest information handling 
organizations— the Post Office Department. A fur- 
ther paper surveys several important applications 
not separately included in the selected sample. 

The broader questions such as ultimate forms of 
the information utility, and its evolutionary adapta- 
tions to social resistance must be left to other ses- 
sions. This session concentrates on specific cases 
that indicate the rich variety Of ways that the four 
"revolutionary" themes may be orchestrated- 



The abstract debates and studies of ideal future 
systems will continue, but meanwhile the systems of 
the future are being Incrementally built through 
specific applications such as these. 

The likelihood that an ideal computer communi- 
cations system will merely evolve without conscious 
external direction appears slight, and there is as 
yet little evidence either of a social agency capa- 
ble of providing such direction or the national will 
to exercise such control. 

The future computer communications network will 
not be "Systems Engineered" as the telephone network 
has been, for example. Therefore, we must hope that 
numerous applications such as in this session will 
provide a broad spectrum of technological capability 
and experience so that unpredictable social resistance 
can at least be approached with a degree of techno- 
logical flexibility. In this way, in the absence 
of other clear goals, future national information 
systems may be realized that are "transparent," in 
the sense that they are at least not extremely 
social ly-distorting. 
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A NATIONAL BIOMEDICAL NETWORK 



By J. E. Burtt, Staff Engineer, Lockheed Missiles & 
Space Company, Dept, 64-60, Sunnyvale, California, 
94088, Telephone (408) 742-8088. 

Presently there is not a formal plan by responsible 
government agencies and medical centers for a national 
health care or biomedical communications network for 
exchanging television and computer data between 
medical, centers. 

The requirements and costs of a communications 
satellite to provide a national health network for both 
metropolitan and isolated users is beirig study by 
Lockheed Missiles & Space Company under a contract 
to NASA’s Manned Spacecraft Center at Houston, Texas. 
The growth of local and regional data communications 
networks throughout the nation (16 systems are in 
existence) and the growing use of automated data 
systems at medical centers are providing the elements 
which could be interconnected to form a national bio- 
medical network. Such a network would benefit the 
general population and the medical community. The 
benefits of such a network increase tremendously with 
the growing use and sophistication of biomedical 
computer systems and automated equipment. 

A brief review of the present status and benefits pro- 
vided by the key elements available for such a network 
provides insight into the future uses and expected 
benefits and problem areas. 

Special Purpose Computers 

Special purpose biomedical computer systems such as 
the AML facility at the Palo Alto Medical Clinic can 
provide biomedical data in a form fully compatible with 
a data network. The AML system collects and formu- 
lates the patient’s medical history and problems by 
asking questions through a visual display terminal. 
Patient response is by push button selection. Semi- 
automated sensors provide data inputs to the computer 
and special data can be entered by the medical techni- 
cian. The completed, typed medical history and report 
of the medical examination is available upon completion 
of examination, which takes approximately 45 minutes 
per examination. Presently the typed medical record 
is sent to the requesting doctor by courier or mail. 

The record could be stored and transmitted by network 
to the doctor within seconds when requested for 
reference or update. 

Extensive use of such equipment and a national network 
could eliminate the repetitious, costly collection and 
manual updating of medical histories. Most medical 
histories for mul ated today are based upon the patient’s 
memory and understanding (or misunderstanding) of his 
past medical history. Personal medical histories 
could be for mul ated from successive inputs to medical 
terminals and would provide an accurate professionally 
prepared and documented history. Data banks of 
personal health records presently provide a research 
tool for studying national and regional health problems 
such as effects of pollutants. Available telecommunica- 
tions and automated data systems can provide better 
health records for a fast paced mobile society. 

General Purpose Computers and Teleprocessing 

Present hospital information systems using general 
purpose computer and software systems provide 
improved financial and biomedical record keeping and 




monitoring of patient treatment. Teleprocessing is 
providing quick response analysis of biomedical data such 
as electrocardiograms. 

Television 

Television is being used to provide improved medical 
education, consultation, and aid to patients remotely 
located from a medical center. The use of television 
also provides quick access to the doctor in emergencies 
and a saving of travel time. 

Display Terminals 

The Lockheed Missiles & Space Company has assembled 
a medical data display console for demonstrating the 
means and effectiveness of selecting and examining data 
from remote sensors and data banks. The doctor can 
communicate with patients at remote locations on tele- 
vision, obtain and analyze biomedical data obtained from 
remote sensoz’s , and order and examine selected historic 
biomedical data from microfilm or computer data banks. 
Real-time and historic data can be displayed in formats 
which are convenient for analysis. The console repre- 
sents the next step in the use of communications and 
computer systems for improving health care of isolated 
patients or consultation with a remote medical 
specialist. 

Communications Satellites 

NASA’s ATS-1 satellite is being used by the University 
of Alaska and Stanford University to provide improved 
medical aid to 24 remote villages in Alaska. Each of 
the remote villages utilizes the satellite for scheduled 
or emergency verbal communication with doctors at 
the University of Alaska. The doctor gives direction 
and instruction to a medical aid who treats the patient 
and observes the patient’s condition. The system is 
credited with preventing deaths in emergency situations 
at isolated villages. 

The next generation of communications satellites such 
as the proposed MCI Lockheed domestic communica- 
tions satellite will be non spinning, three axis stabilized 
and capable of providing over four times the communi- 
cations capacity of present operational satellites . As 
the capacity, reliability, and expected operating life 
are increased, the cost of long distance television and 
communication links to remote areas will be reduced. 

Problem Areas 

One of the major problems in using the available 
elements to form a network may be the growing use 
of computers without a formal plan for a national net- 
work. The lack of computer interface and data format 
standards severely limits the machine to machine 
exchange of data between medical centers and hospitals. 
As each of seventy -five major medical centers in the 
nation utilizes one or a combination of several avail- 
able computer systems and makes in-house modifica- 
tions of system programs to suit local preferences 
for format and nomenclature , it will become difficult 
for a center to exchange machine data with each of the 
other 74 individualized medical centers. Approximately 
7,000 hospitals and clinics in the nation could benefit 
from remote terminals providing access to the 
regional medical libraries, laboratories, medical 
schools and data banks of a national network. Without 
plans or incentives for regional or national networks , 
hospitals may obtain equipment which best meets the 
most pressing in-house needs at a minimum cost without 
regard to the future benefits or costs of converting 
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equipment and modifying software for operation on a 
national network. 

If firm plans for the development of a national health 
network are delayed for several years, options for 
satellite oibit stations and operating frequencies will 
become progressively limited due to the progressive 
establishment of other networks using the communica- 
tions nets provided by satellites . Only a limited 
number of synchronous satellite operating stations 
are available along the sector of the equator which 
allows coverage of the United States, Canada, South 
and Central America. The available satellite stations 
must be shared with other nations. Internationa} 
co mmuni cations satellite traffic has been doubling 
every three years. Such a growth rate for satellites 
providing communications over the Western Hemisphere 
will create an eventual shortage of satellite communi- 
cations. How and when the shortage will occur depends 
upon future frequency allocations and technical pro- 
gress in the reuse and conservation of radio frequency 
bandwidth. 



FAA 1 s "iDIIQM" AIR TRAFFIC CONTROL SYSTEM. 

Jack 0. Thomas , Federal Aviation Administra- 
tion, Oakland Air Route Traffic Control Center, 
5125 Central Avenue, Fremont, California 94536, 
(415) 797-3200, X302. 

The name IDIIOM, acronym for Information Displays, 
Incorporated (of Mt. Kisco, New York) Input Out- 
put Machine, has become associated with a project 
of the Systems Research and Development Service of 
the FAA to evaluate a computer generated visual 
display of long-range over water flight movements. 
Tests are being conducted at the Oakland Air Route 
Traffic Control Center, controlling facility for 
airspace overlying approximately 3^ million 
square miles of the eastern Pacific. Flight 
operations within that oceanic area totaled 
95,366 during calendar year 1971. 

Flight plans and movement reports are processed 
through a Varian mini-computer which generates 
both a graphic picture of aircraft position, 
identity and movement, and a tabular display of 
information quite similar to that used in con- 
ventional non-radar air traffic control. 

Displays consist of two 21 inch cathode ray tubes 
mounted in consoles adjacent to the facility's 
oceanic control sectors. A function keyboard 
and a light pen give the operator a wide range 
of display selectivity. An ASR-35 teletypewriter 
provides means for input into the computer of 
movement messages received at the operating po- 
s i tion. 

On the graphic display, background mapping si- 
milar to radar video mapping is portrayed. The 
area displayed is merely a function of computer 
programming and is easily changeable. A normal 
setting to show the most heavily traveled routes 
between the West Coast and the Hawaiian Islands 
covers that portion of the Oakland Center's 
oceanic control area between the 24th and 48th 
parallels and from the West Coast to the 145th 
meridian. However, through a zooming technique, 
one degree of latitude and longitude can be ex- 
panded to cover the entire screen. Such a tech- 
nique might be used to focus on an area of im- 
mediate interest or aircraft emergency. 

Two methods for displaying aircraft movement are 
being evaluted. The first applies to a limited 
number of Boeing 747* s equipped with data link 
which relay aircraft Identification, positions 
as determined by inertial navigation and actual 
altitudes reported in 100 foot increments. The 
link between aircraft and the controlling fa- 
cility is provided by Aeronautical Radio, Inc. 
(ARINC) using a high gain troposcat antenna. 
Aircraft involved in the test respond in se- 
quence to the VHF pulse with the individual 
question and answer cycle being completed in 55 
microseconds and repeated each 32 seconds. Data 
received through the relay is analyzed and air- 
craft positions are displayed in their proper 
relationship to the background mapping. Associ- 
ated with each target symbol is a small sign 
identifying in alpha numerics the aircraft and 
its altitude. 

The second method called correlation is used to 
display position and movement of aircraft not 
equipped for data link relay. Flight plan in- 
formation including aircraft identity, type, 
speed, route, and altitude are first fed into 



* the computer then activated by a position report at a fix 
within the oceanic sector. From that data and applying 
environmental information such as predicted winds aloft, 
the computer determines aircraft position in a manner com- 
parable to pilotage-by ’'dead reckoning" . Aircraft iden- 
tities and altitudes are displayed as alpha numerics in a 
manner identical to that used for aircraft reporting through 
data link while the use of different target symbology pro - 
vides a visual differentiation between the two methods of 
reporting. Target positions are updated at 2-minute inter- 
vals, and when routine position reports received through 
normal radio channels are fed into the computer, the target 
position and track is updated to reflect the reported loca- 
tion and recomputed ground speed. 

Additional features include: 

1. Velocity vectors associated with each target symbol in- 
dicating the direction of flight of the aircraft and 
its estimated progress within the succeeding 5 minute, 

10 minute, 20 minute or 40 minute interval as called 
for by the controller. 

2. Notification by a printout of the word LATE that a re- 
quired position report is overdue. 

3. A reminder by printout of the word HAND that an air- 
craft is approaching a jurisdiction boundary and that 
control responsibility should be released to a neigh- 
boring facility or sector. 

4. A warning of possible loss of standard lateral or long! 
tudinal separation between aircraft at the same alti- 
tude. This warning is indicated by a printout of the 
word CONFLICT in the lower lefthand corner of the gra- 
phic display and associated with the warning is the 
identity of all aircraft involved. In responding to 
that warning, the operator can call for route projec- 
tion to show the point and time of conflict. From that 
information, the operator can make his control decision 
and can test his decision for validity by querying the 
computer for any additional conflictions which might 
result from a change of altitude, route, or speed on 
any or all of the flights involved. In such tests, the 
computer will indicate CLEAR or will print out new con- 
flictions which would result from the proposed control 
action. 

5. Special activity airspace may be electronically traced 
on the face of the graphic display. Such area descrip- 
tions serve as a warning and simplify procedures for 
segregation of airspace reserved for special military 
activity, missile impact, etc. 

6. Computer programming established acceptable parameters 
for position reports, pilot estimates, and reported 
altitude. When information exceeding those parameters 
is received by the compute^ it suggests that the con- 
troller question the validity by printing the letter 

V adjacent to the aircraft identification. 

The tabular display gives statistical information. It can 
be called upon for complete flight plan information. In 
addition, it displays for all aircraft within the selected 
environment columnar groupings of: 

1. The identity of each aircraft. 

2. The last reported position (fix) shown in latitude and 
longitude or by designated fix name. 

3. The time the aircraft was over that fix. 

4. The flight level - actual when reported through data 
link. 

5. The identity of the next reporting point. 

The computer estimate at the next fix. 

7. The pilot estimate at the next fix. 

8. Ground speed, continually updated as each position 
report is received. 

9. The present position in latitude and longitude reported 
to the nearest minute. 

Additionally on the tabular display, the alert features, 
including notification or warning of potential conflic- 
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tions, overdue position reports, pending trans- 
fer of jurisdiction or need for verification, are 
highlighted. This is accomplished by removing 
from the total grouping the line/s of data re- 
lated to the aircraft in question. 

The oceanic displays are not, commissioned for air 
traffic control use and priority must be given 
to the list and development project. However, in 
limited applications to "live" traffic this 
method of visual presentation has provided gra- 
tifying support to the ongoing operations. 

Controllers at oceanic positions using standard 
non-radar technique have used the display to con- 
firm their own judgment. When changes of route 
may be needed, course information and target 
tracking provided by this equipment is far su- 
perior to the grease pencil and piece of string 
which must often be used in outmoded control 
methods. The displays have proven a distinct 
adjunct to the facility's Air Movement Informa- 
tion Service (AMIS) giving a continually updated 
picture of aircraft approaching an Air Defense 
Identification Zone (ADIZ) or operating within 
the ADIZ. 

The equipment has been used as a briefing device 
in preparing for large scale military exercises. 
Pending missions have been entered into the com- 
puter and the entire air movement previewed vis- 
ually in fast time by the controllers who will be 
involved in the exercise. Aircraft in military 
missions proceeding well beyond the limit of 
coastal radar have been "tracked" through the 
use of computer generated targets using the 
correlation method. This technique has greatly 
simplified re-identification of aircraft ap- 
proaching the coast line and can often lead to 
a more efficient use of airspace. 

As a research and development project., the im- 
mediate goal is to evaluate the display system 
as a control device. Available equipment has 
also been used for limited tests in the use of 
data link for relay of air traffic clearances. 
There are plans for evaluating a wide-screen 
display of oceanic traffic. And there is hope 
that the Oakland Air Route Traffic Control Center 
may be involved in early tests of the use of 
satellites in the relay of air traffic communi- 
cations and movement. 

In pursuing the long-range goal of continually 
improving air safety and service, there is con- 
siderable optimism that the technique of re- 
ceiving and displaying .flight movement informa- 
tion without the limitations of land-based radar 
may prove the answer to the problems in handling 
the steadily increasing volume of oceanic traffic. 
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EXPERIMENTS WITH SATELLITE DISTRIBUTION OF 
COMPUTER ASSISTED INSTRUCTION 

by 

John Ball and Dean Jamison 

Institute for Mathematical Studies 
in the Social Sciences 

Stanford University, Stanford, California 9^305 

The Institute for Mathematical Studies in the 
Social Sciences at Stanford University maintains 
a large interactive computing system. It is used 
primarily for research and application in the 
area of computer assisted instruction. This 
means that in thcs research area the Institute is 
trying to define algorithms for learning and in 
the applications area the Institute supports a 
large timesharing confuting system on which many 
students receive a part of their instruction. 

The IMSSS system at present supports 11 high 
speed graphic terminals, 6 medium speed CRT 
terminals, 225 teletype terminals and a variety 
of other equipment. The teletype terminals are 
located at over 20 locations throughout the 
United States. This large terminal network 
requires a correspondingly large effort in data 
communication by IMSSS in addition to supporting 
the time sharing system necessary for upwards of 
125 on-line users. 

The data communication system servicing these 
terminals is conceptually simple. As seen in 
Figure 1 the High Speed Line Multiplexor is a 
wired program computer which communicates with 
the timesharing system on the one side through 
core memory buffers and with devices on the other 
side through individual High Speed Line Units. 
Outputs of the High Speed Line Units 'can be 
ad j usted to fit the needs of the attached data 
equipment . 

For example, high speed graphic displays can 
be operated with 9&00 baud serial asynchronous 
data output while remote multiplex computers 
require a 2400 hand synchronous interface to a 
local data set. The remote multiplex computer 
then reduces the 2400 band stream to individual 
110 band Teletype channels. A particularly 
difficult problem in this data communication 
network is an installation of a small number of 
terminals, say 2 to 8 in an elementary school. 
Most approaches to maintaining a data comm link 
of that length and cluster size seem very 
expensive in relation to the other costs 
involved. 

One approach to this problem which IMSSS is 
now trying is the use of a duplex satellite 
channel and & low cost ground station for the 
data communication link between Stanford and 
an elementary school at Islet a Pueblo, New 
Mexico. Figure 2 diagrams the use of ATS-3 







on a duplex communication channel. The data signals 
involved are frequency shift keyed analogues of the 
voltage mode teletype signals in a 500 to 3000 Hz band. 

RF transmission uses the GE MASTR ground station 
with a power output of 350 watts and is in the 2 meter 
band from 136 to 149 MHZ. Yagi antennas have been 
used in single, dual, and quad configurations as 
well as a single helix. 

At this writing the system is not fully operational . 
Factors contributing to the present status include half 
power mode operation of the satellite, limited 
satellite time available for testing, receiver 
de sensitization, antenna pattern and pointing, antenna 
loading, polarization variables, spin stabilization 
variable, and random problems that are not understood. 

There does not, however, appear to be any reason 
why successful operation can not be achieved. 
Calculations show a theoretical S/N of about 24 db for 
this link. On rare occassions this has been approached. 
Typical S/N figures range from 12 to 17 db . The link 
should be in regular operation (l-l/2 hrs per day) by 
early spring of 1972 . 

In conclusion we would to mention the relationship 
between our experiment with the ATS -3 and. our longer 
term efforts to provide students with interactive 
instruction at reasonable costs. In an earlier 
paper — Jamison and Ball [1971] --we examined the 
conditions under which satellite distribution of CAI 
would be cost-effective with respect to commercial 
phone distribution. As one would expect, satellites 
appear cost-effective only when terminals are highly 
dispersed and at reasonably large average distances 
from the central computer facilities — more than 300 
to 500 miles. These conditions are met if one wishes 
to utilize the flexibility, curriculum diversity, and 
economies of scale of a large computer and if the 
dispersion of CAI with time is somewhat geographically 
homogeneous. Thus in the evolutionary stage between 
the present time, where there is virtually no 
operational use of CAI, to the time when it is a 
standard part of every student’s education there would 
appear* to be an important potential role for satellites. 
Our present experiments are aimed at increasing our 
understanding of that role, and at gaining experience 
with the problems that must be resolved before an 
operational system is possible. 

Reference 

Jamison, D. and Ball, J.' "communication economics of 
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(Figures on next page.) 
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Figure 1 

Data Comm at IMSSS 




Figure 2 

Sat Channels at IMSSS 
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INSTANT RETRIEVAL TELEVISION: FROM THEORY TO SYSTEM 
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L. K. Day 

Staff Supervisor - Business Planning 
Bell Canada 

620 Belmont, Room 1105 
Montreal 101, Quebec, Canada 
Telephone: (514) 870-3223 

Introduction 

Computer communications in North America is 
currently undergoing a revolutionary change which is 
reflected in the title of this conference. Recent 
examples of events accelerating this change include: 

- the FCC computer communications inquiry 

- the "Rostow" commission 

- the Tel ecommi ssiorM n Canada 

- the Carterphone "decision 

- the birth of specialized common carriers 

- development of digital networks 

- the Canadian Computer/Communications Task Force 

- the development of powerful , low cost mini and 
small computers 

- increasing attacks on "fortress I.B.M." 

These events have impacted mainly on two aspects 
of computer communications. They will result in a 
significantly changed structure of the industry and 
its regulation. There wi 1 1 al so be significant in- 
creases in the type and quantity of computer communi- 
cations capabilities available through the rapid 
introduction of newer technologies and new entrants 
into the industry. 

All of these changes have been debated in recent 
years in many public forums and their prominence has 
tended to overshadow another aspect of rapid change 
in this field. This is the changing character of 
computer communications system applications. Until 
recently most systems consisted of automating or 
speeding up an existing operation by fitting the 
applications to a few basic models. We are now 
rapidly reaching the point where systems applica- 
tions can be designed around the user s require- 
ments and not around the available technology. 

User Needs Research 

The revolution in system applications will not 
arise only from changing technology but also from a 
better understanding of user requirements. This 
understanding can only develop through new forms of 
research and analysis. This includes basic research 
using theories of the- utility of communications sys- 
tems and it also includes research into future systems 
requirements. This paper overviews some Canadian 
research in these areas and described one system that 
has evolved from this type of research - Instant 
Retrieval Television (IRTV). 

Communications Utility Theory 

Gordon Thompson of Bell -Northern Research in 
Ottawa, Ontario has developed three measures of com- 
munications effectiveness. These measures are: 

- the ease with which stored human experience can 
be accessed. 

- the size of the common information space shared 
by the communicants. 

- the ease with which the society using the system 
can discover and develop a plurality cf new and 
fresh consensus (1) (2). 
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Thompson's research has found that the higher 
a system or technological package measures on these 
three scales, the greater its' benefit to its 1 users 
and the more widespread its' adoption amongst poten- 
tial users. 

Delphi Studies 

Thompson's theory helps provide a means of 
evaluating new potential systems. The generation 
of applications concepts to test comes from various 
sources. One important source of concepts for Bell 
Canada has been a series of Delphi studies conducted 
by its Business Planning Group over the past three 
years. These studies have explored the future needs 
for computer communications and visual communica- 
tions systems in the Educational , Medical and Busi- 
ness fields (3) (4) (5). A current study is examin- 
ing the future of communications services in the 
home (6). This data provides further guidance in 
the development of potential applications systems. 
This work is oriented towards developing future sys- 
tems. One system that has been developed and tested 
extensively in the past three years in Ottawa, 

Ontario is Instant Retrieval Television (IRTV - also 
known as Information Retrieval Television). 

I.R.T.V. 

I.R.T.V. is 9" educational system using a 
central Retrieval •! vter, housing a large (2,500- 
10,000 titles) library of visual material and a 
coaxial cable distribution system which is linked 
to television sets in individual classrooms or 
teaching areas. A teacher can order a title from a 
special classroom telephone and have it displayed 
immediately, or schedule it for a period later in 
the day or week. 

The essential difference from normal E.T.V. 
systems is that the user (teachers and students) can 
utilize a large bank of material on demand . They 
control the system. They do not have to organize 
their activities around the system's schedule. 

System Evaluation 

When the system is evaluated using Thompson's 
measures it rates highly on all three scales. The 
Delphi panel has also predicted wide scale adoption 
of this type of system over the next 15 years. The 
students and teachers also rate the scheme highly 
and have been enthusiastic supporters of the three 
year experiment. 

Conclusion 

The development of Thompson's theories, the 
Delphi studies, and the I.R.T.V. experiment are good 
examples of how us«r needs research and development 
of practical user systems can be blended. Bell 
Canada, BNR, the Trans Canada Telephone System and 
selected users are currently cooperating to develop 
and trial other systems that utilize and refine this 
approach. 
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EVALUATING COMPUTER APPLICATIONS 
Roger W. Hough 
Stanford Research Institute 
Menlo Park, California 

Introduction 

Previous papers in this session have discussed 
applications of computers and communications that 
may be characterized as experimental or still in the 
development stage. That they represent services of 
the future cannot be doubted. However, in assessing 
the likelihood of the extent of future applications 
one often finds it difficult to separate good ideas 
from marketable ones. 

The objective of this paper is to attempt to 
put computer-communication services into perspective 
somewhat, by concentrating on on-going applications 
and derivatives or extentions thereof. This can be 
done in a variety of ways, for example, by identify- 
ing, classifying and enumerating various communities 
of users, by differentiating present from future 
applications, and by analyzing those communications 
media that are applicable to each class of services 
and/or users. Each of these is briefly touched on 
in this discussion. 

User Communities 

The spectrum of users of computers and communi- 
cations now covers virtually every one of the major 
Standard Industrial Classifications (SIC codes) of 
the U.S. Department of Commerce. These range from 
agriculture and forestry, to durable goods manufac- 
ture, to wholesale and retail trade, to financial 
services, government, and so on. Many of the cate- 
gories are represented only in a small way, being so 
far only minor participants in the new online, real 
time, remote terminal revolution. Other categories, 
however, such as transportation, banking and finance, 
and securities brokerage constitute industrial group- 
ings that make up a large fraction of the total 
usage. (We do not ignore here the extent of the 
Federal Government's participation, particularly DoD 
and NASA. Our emphasis, however, is on commercial 
applications . ) 

In early 1968, approximately 60,000 data sets 
were in commercial service. In early 1970, this num- 
ber had increased to 140, 000 representing a growth 
of 50% annually. Such increases have continued, 
though at lower rates of growth, despite the 1970-71 
business decline. At present, some 250-300,000 data 
sets are in service, increasing to about one million 
by 1975. 

Overall, approximately the same number of ter- 
minals are in service as modems or data sets. Cur- 
rently these also amount to about 300,000, and they 
are connected to some 8,000 to 10,000 general purpose 
computers through a great variety of network config- 
urations and telecommunication links. Many of these 
computers have only a few terminals, and in some 
cases they are little used. In other situations, 
however, the terminals are an integral part of a 
real time information system that operates on "live" 
business data. Airline reservation systems, stock 
quotation systems, and certain banking operations 
are a case in point. 

As an example of the extent to which computer- 
communications can permeate business activities, we 



refer to a previously compiled list of some 300 pot- 
ential da£a transmission applications classified by 
industry. Table 1 summarizes this list, giving 
the number of potential applications identified for 
each industrial grouping. Table 2 illustrates some 
of the applications. 

Table 1 

Potential Computer-communication Applications 
Identified by Industry 



Industry 


Number 


Banking 


24 


Insurance 


10 


Law enforcement 


17 


Library services 


21 


Education 


18 


Investment and securities 
brokerage 


24 


Manufacturing 


18 


Printing and publishing 


13 


Petroleum and industrial chemicals 


processing 


14 


Wholesale and retail trade 


15 


Utilities 


32 


Transportation 

Air 


19 


Rail 


IS 


Highway 


18 


Medical/health 


18 


Personal services 
Travel 


6 


Sports/entertainment 


4 


Home communications 


6 



Table 2 

Example Applications 

Banking 

Demand deposit accounting 
Savings accounting 
Mortgage accounting 
Credit card accounting 
Loan accounting 
Credit authorizations 
Account balance inquiry 
Online c'uh turner services 
Online transaction entry 
Automatic loan payments 
Lock box remittance 

Library services 
Remote browsing 
Interlibrary loans 
Automatic cataloging 
Research and location of material 
Answering reference questions 
Distribution of reading lists 
Access to documents at remote locations 

Education 

Instruction 

Instructional management 

Testing 

Counseling 

Administrative planning 
Connecting remote campuses 
Placement service 
Fiscal accounting and reporting 
Computer assisted instruction 



Present versus Future Applications 

In this paper we are limited to giving only 
brief examples of the difference between present and 
future applications. These should illustrate two 
points, however, namely that one needs, on the one 
hand, tc. be cautious about projecting developments 
in certain (public) application areas, yet on the 
other hand not timid in assessing the likelihood of 
developments in commercially acceptable projects. 

A case of the latter may be found in commercial 
banking. At the present time, the bulk of the compa - 
ter transactions taking place here are accomplished 
in a batch mode, and this applies whether or not com- 
munication links are used. That is, most banks with 
geographically dispersed branches transmit data ’’in 
bulk” via high speed links (19.2 or 40.8 kilobits 
per second), process it remotely, then return the 
computed results in a similar manner. In California, 
where statewide banking is allowed, this practice 
has led to the use of leased Telpak channels that, 
for the most part, double as voice lines as well as 
data channels. 

What is new on the banking scene is online, real 
time, transaction-oriented processing. While such 
activities have been underway for some time in mutual 
savings banks and savings and loan institutions (at 
present, between 15,000 and 20,000 terminals are in- 
stalled in such locations), real time operations are 
still in the future for most commercial banks. Thus, 
while demand deposit accounting is the first and 
most obvious application that one would like to im- 
plement, the difficulty of doing so on a large scale 
poses severe problems. Nevertheless, this kind of 
computer-communication is inevitable and indeed is 
already occurring on a small scale, as for example 
at Pacific National Bank in Tacoma, Washington. 

Here, Courier terminals — one terminal for each two 
tellers — are being used to access online customer 
files for inquiry as well as "store and hold” updat- 
ing, for both deposits and check cashing. At a 
later date, the growth of a direct funds transfer 
system (the cashless society) is entirely feasible 
and some observers are predicting it to be substan- 
tially in being by the end of the decade. Indeed, 
the acceptance of magnetic ink character recognition 
(MICR) was adopted surprisingly swiftly, there being 
an elapsed time of only eight years between initial 
use and 95% adoption of the technique. 

In contrast to the above, one may take the 
classic example of computer assisted instruction. 
While the potential of CAI has been pursued vigorous- 
ly for many years, its development to this time has 
depended largely on public funding, institutional 
grants, and so on. Thus, at this juncture one can- 
not say with certainty that its full development is 
inevitable. One can say that it is desirable, how- 
ever, if he chooses to do so, and I do. 

Transmission Media 

It is in this area that much controversy has 
been generated. The fact that the telephone network 
was "initially designed for voice transmission" l.as 
led many observers to conclude that it cannot — even 
will not ever — be used effectively to transmit data. 

The facts of the matter significantly contra- 
dict suf :h conclusions, however. First of course is 
the simple illustration that data is^ (are?) trans- 



mitted over the voice network, all day, every day, 
and with useful results. Despite all the hand 
wringing over noise, errors, signaling, connection 
time, limited transmission speed, and so on, a 
recent survey of large telecommunications users, 
both voice and data, revealed only a small sampling 
of dissatisfied telco customers. The majority, 
surprisingly enough, have had excellent results, 
except of course in New York City where everything, 
including telephone service, is in serious difficulty. 
Naturally these customers would like to pay less for 
their service, but that is a separate issue from 
service satisfaction. 

Of greater significance than present-day usage, 
however, is the situation likely to obtain in the 
future regarding transmission media. Here, the 
variety of potentially competing systems are impor- 
tant, such as fully digital networks (e. g. Datran) , 
other specialized carrier microwave systems (MCI et 
al) , cable television, and satellites. 

It is the author’s contention that most uses of 
computers and communications for at least the next 
15-20 years will take place over the telephone 
system, The reasons for this argument are as follows. 
First, it can be shown that the volume of transac- 
tions to be expected over such a time period is sig- 
nificantly less than the capacity of the network as 
it may be expected to develop. Second, present uses 
of the network are for the most part extremely in- 
efficient. This is changing gradually as users become 
more sophisticated in designing their own computer 
networks which, in turn, use telco links for trans- 
mission. An example here is the expanding use of 
minicomputers for data concentration and front end- 
ing. Third, most large users do not lease lines 
for the exclusive use of data transmission. Rather, 
they use these lines in an alternate voice/data 
mode, often transmitting data at. night and using the 
lines for voice transmission during the day. In 
this way, data transmission comes along for no more 
than the cost of modems and associated equipment, 
excluding the cost of leased lines. Finally, one 
cannot overlook the ubiquitous nature of the tele- 
phone system — it is not only "there, 11 but here, 
there and everywhere as well. Such coverage of the 
nation cannot in any way be duplicated without 
spending extraordinary amounts of money, regardless 
of the fact that new (particularly digital) technol- 
ogy reduces significantly the investment required 
per bit transmitted. 
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COMPUTER COMMUNICATIONS APPLICATIONS 
IN THE U.S. POSTAL SERVICE 

Dr. Joseph V. J. Ravenis II 
Electro Dynamic Division 
General Dynamics Corporation 
San Diego, California 92112 
Tele: (714) 279-7301, Ext. 2544 

The United States Postal Service is the largest 
single business organization in the world, and daily 
processes almost as much mail as the rest of the 
world combined. If the system were to stop for one 
day, every citizen and business in the country would 
be affected. Unlike other business organizations that 
can stop production or cease operation for extended 
periods of time without adversely affecting the 
nation, the Post Office Department cannot. For 
example, over 30 million people depend on the Post 
Office to deliver their monthly Social Security or 
retirement checks. To provide dependable service for 
this ever-increasing tide of mail requires that the 
Postal Service modernize and become more efficient. 

However, the utilization of technological ad- 
vances in postal long-range planning has been minimal; 
research and development on applicable methods and 
equipment to speed mail processing and reduce handling 
costs have been almost non-existent, until recently. 

The Postal Service utilizes three systems to 
transmit data between major post offices, Postal 
Data Centers (PDC's), Automatic Data Processing 
Centers (ADPC's), USPS Headquarters, and special 
activities. One is the Postal Source Data System 
(PSDS) network which interconnects major post offices 
to two ADPC's through four teleconcentrator points. 

The network consists of a variety of communication 
terminal devices linked to_Control Data Corporation 
computer equipment using AT&T and Western Union 
transmission facilities. Eighty cities are connected 
by 110,000 miles of dedicated full-duplex 2400 bps 
lines. Over 8,000 terminal devices, such as trans- 
acter consoles, badge readers, and electronic weight 
scales are on line to five teleconcentrator sites 
equipped with dual CDC 1700 computers. .The five 
sites feed into the two ADPC equipped with dual CDC 
3300 computers. 

Another smaller network of magnetic tape termin- 
als transmits data between USPS Headquarters, six 
PDC's and two ADPC's via Digitronics equipment and 
dial up voice grade AT&T common carrier transmission 
lines (203 A modems). 

The third network connects two supply centers in 
support of the realty logistic management information 
requirements of the U.S. Postal Service. This net- 
work utilizes Mohawk magnetic tape equipment terminals 
with conditioned, dedicated AT&T network facilities 
(201 B modems ) . 

The systems have been very costly and have been 
plagued with technical problems since their inception. 
An RFP was issued to industry by the U.S. Postal 
Service on August 21, 1970, entitled Digital Com- 
munications System Survey. Its purpose was to 
analyze and evauTate the present Postal Service 
digital communication facilities and project what 
facilities will be needed in five years. It was also 
to develop alternative systems that will. prove cost 
effective, and recommend an integrated digital com- 
munication system along with a time phased plan for 
implementation. The solicitation was suspended and 
subsequently cancelled as a result of a GAO report. 
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The most significant endeavor taken by the U.S. 
Postal Service to take advantage of technological 
advances in computers and telecommunications has 
been their interest in an Electronic Mail Handling 
System. 

The objective of an electronic mail system is 
to take advantage of the new techniques in the fields 
of computers, data processing and transmission, auto- 
matic controls and communications and apply them to 
the postal system. The result would be to handle 
mail more efficiently and to increase the productiv- 
ity of postal employees. 

An electronic mail system processes mail in 
electronic form rather than handling paper as in the 
present postal system. Instead of transporting a 
letter that contains hand or machine printed data, 
the letter contents are transformed into an electri- 
cal signal by means of input conversion equipment. 
Sorting and transportation functions are effected by 
switching and transmission equipment that direct the 
letter data to a destination post office. The 
address of the letter would be :sed to select a path 
through a nationwide communications network that 
would accept the electrical data and direct it to 
the destination postal facility. Output conversion 
equipment then prints out a replica of the original 
letter onto paper that is subsequently delivered tc 
the addressee. 

Some mail processing functions, however, would 
gradually change to accommodate new developments, 
while others would be developed to handle new types 
of mail. For example, computer-generated mail such 
as credit card billings, nationwide advertising and 
mailing lists, and checks that reside on computer 
magnetic tapes can be transmitted over telecommuni- 
cation lines to sectional center facilities. These 
would then be put into hard copy form first, and 
placed in a mail system at a single central facility 
as is presently done. 

The goal of an- EMH system is nationwide next 
day delivery. However, electronic mail offers the 
user other advantages, such as direct access to the 
system for immediate mail transfer. For example, 
where large volume mailers want timely individual 
delivery, EMH could provide input conversion and 
hard copy output equipment with network link connec- 
tions directly to the patron’s facility, thus pro- 
viding direct access to the nationwide EMH network. 

In summary, having been under various funded 
contracts with U.S. and Canada Post Offices over the 
past two years the conclusions and recommendations 
made in the first Electronic Mail Handling Study are 
still valid today. These are: 

1 . Construction of a Nationwide Electronic Mail 

Handling System is Technically Feasible 

The United States is in the midst of a dramatic 
phase of technical growth. The advances made in 
areas of data processing, transmission and control 
have been particularly significant. The purpose of 
the first five work tasks of this study was to assess 
these advances and the equipment presently available 
to determine if the implementation of an EMH system 
is technically feasible. The result of this effort 
was that in some instances present equipment is in- 
adequate, however, the technology does exist to 
develop equipment of sufficient capability. 
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2 . It Was Recommended that a System Study be Per- 
formed to Obtain a Cost Effective Configuration 
for an EMH System . 

The overall objective of the study (which is 
currently in progress) is to determine if an elec- 
tronic mail handling system can provide dependable 
mail service at a reasonable price. Before a sys- 
tem can be developed to handle mail electronically, 
a model of its inputs, outputs and traffic demands 
is being generated. The model will provide the 
data necessary to define preliminary system config- 
urations .and equipment requirements. An analysis 
will then be performed to synthesize a system that 
is optimized with respect to cost. The outputs of 
the study will include: 

A. The configuration of the system's collection, 
distribution and delivery network. 

B. A hierarchy of postal collection centers. 

C. The equipment required to process the mail in 
each type of "enter, 

3. It was Recommended that a High-Speed Facsimile 
Equipment be Developed Especially for Electronic 
Mail . 

Existing facsimile equipment is too slow to 
handle the anticipated electronic mail volumes. 

Most equipments are designed to operate at scan- 
ning speeds compatible with a telephone line or 
other common carrier channel. The wide bandwidth 
channels used for electronic mail transmission will 
permit faster conversion, so suitable high-speed 
facsimile equipment should be developed. More 
rapid facsimile conversion can be achieved by em- 
ploying data compression methods to the signal out- 
put from the scanner. Data compression permits 
better utilization of the transmission channel band- 
width so conversion times can be -reduced and there- 
fore result in more economical conversion. 

A study into methods and application of data 
compression to facsimile signals should be initi- 
ated. Typical facsimile scanning procedures do not 
permit generation of a digital address. The address 
must be either entered separately or recognized 
from the facsimile scan signal. At high thruput 
rates separate manual entry would be impractical 
and automatic entry methods must be employed. A n 
evaluation of suitable address insertion techniques 
should be made and appropriate equipment designed. 

4. A Study of Paper Handling Techniques was 
Recommended . 

Most mail suitable for electronic handling 
will he collected and delivered in the form of 
paper. Prior to input conversion envelopes may 
have to be opened, the letter removed, unfolded, 
faced and stacked. Automatic paper handling equip- 
ment must then feed each page to the conversion 
equipment and transport it through the reading area 
to an output stacker. The equipment may have to 
accept letters that vary in thickness, size and 
quality. Folds, creases and tears could cause two 
pages to be fed at one time or result in jamming 
of the transport mechanism. 

The technology of high-speed paper, handl ing is 
not well documented; experience seems to be the 
most useful factor in designing equipment that will 
operate reliably at high speed without jamming. 
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For this reason, we recommend a study to evaulate 
the problems of high-speed paper handling tech- 
niques. The study should examine the problems of 
high-speed paper handling and make recommendations 
on methods appropriate for handling electronic mail. 
The study should also determine whether a special 
form or envelope should be used for electronic mail. 

5. Optical Character Readers are Currently not 
SuitabTe for Electronic Mail Conversion ] 

Optical Character Recognition (OCR) equipments 
presently used in business applications have not been 
designed to read the variety of print and type styles 
that occur in letter mail. OCR's used by the Post 
Office for reading addresses from letters give sat- 
isfactory performance but have error rates in excess 
of those acceptable for electronic mail conversion. 
Experimental readers not yet in production claim to 
be capable of reading any machine-printed material. 
However, these readers are expensive and not consid- 
ered fast enough for electronic mail conversion. 

6. A Special Purpose Switching System Must be 
Designed to Sort, Route and Control Electronic 
Mai 1 . 

The switching function is the most complex part 
of an EMH system. Switching equipment is used to 
sort, route and control the flow of electronic mail. 
Efficient processing will depend upon the use of 
high speed switches, digital computers and data 
transmission equipment in a nationwide network. 

These equipments are presently available but a 
switching system must be designed to satisfy the 
special requirements of electronic mail. 

7. Transmission of Electronic Mail can Be Accom- 
plished with Presently Available Equipment . 

Advanced communication techniques presently 
employed in data transmission by microwave radio, 
coaxial cable and satellite can be utilized in an 
electronic mail handling system. The military and 
telephone transmission capabilities are examples of 
systems that feature bandwidths compatible with esti- 
mated electronic mail needs. Moreover, the data 
handling capacity of transmission facilities promises 
to increase at a faster rate than the predicted 
electronic mail volume. 

8. Privacy of the Mail During Transmission is 
Virtually Assured by the Technical Complexity 
of Transmission Methods . 

The sanctity of the United States mails is 
presently maintained by tradition and postal laws. 

The mark of an uncompromised letter is an unopened 
envelope. An electronic mail handling system has 
no such symbol of security. However, mail in elec- 
tronic form will offer a privacy safeguard without 
regard to honesty or personal integrity. The reason 
is that the complex modulation techniques used in 
transmission facilities requires that a potential 
intruder possess considerable technical capability. 

In addition, the cost of the equipment necessary to 
intrude on these advanced systems is beyond the 
means of most individuals. 
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COMPUTER TO COMPUTER COMMUNICATIONS 
VIA SATELLITE DATA LINK 



Ford Western Developement Laboratories and is the subject 
of this paper. 



H. A. BUSTAMANTE 

FHILOO FORD WDL 
3939 Fabian Way 
Palo Alto, Calif. 94303 
Tel. 415-326-4350 

Digital data communications at ever increasing rates 
are being used to convey all forms of information. 

For years this technique has been used in telemetry 
systems for gathering information on the status of 
rockets during launch and in flight to their target, 
on earth-bound satellites manned and unmanned, on deep 
space satellites and for uncounted other uses. 

The use of digital computers to solve a ^eemingly end- 
less variety of problems, has similarly enjoyed a tre- 
mendous diversification and growth. In order to func- 
tion usefully, a computer system must be given infor- 
mation upon which it can operate to develop the des- 
ired output. This computer input normally takes the 
form of paper tape, punched cards, magnetic tape data 
or some other digital data form. . Even in those cases 
where the data exists in some analog form, the first 
operation performed on the signal is to digitize it 
thereby converting it into z. form acceptable to the 
computer . 

Noting the proven and accepted use of both digital com- 
puters and digital data links, it is not surprising that 
their joint use should be considered. This is especially 
true when several large, mutually remote, computer facil- 
ities have need to exchange large quantities of data. The 
need and advantages of high-rate digital communications 
between computers can be easily demonstrated. A stand- 
ard 14” tape reel operating with seven tracks and a bit 

9 

packing density of 800 bpi contains approximately 10 
bits of binary data. There are two ways of getting this 
data from one user facility t. . another: the tape reel 
can be hand carried (physically transported) or the data 
can be transmitted via a communication link. In recent 
times, transmitting data at high rates has been taken 
r> mean transmit tingat 2400 bps. Operating at this rate, 
transmission of a single complete reel of tape requires 
one hundred hours of* continuous transmission time! If 
communication could be established at 50 Kbps or 1.8 Mbps 
this transmission time could be reduced to one hour and 
to three minutes respectively. Communicat ion system 
eqviipment able to provide computer to computer data 
transfer at these rates has been developed by Philco- 
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The overall operation to be performed is to read a S 

magnetic tape, transmit it and reproduce it at the 
receiving facility in its exact original form. Decep- 
tively simple though it sounds, three separate data 
processing problems must be solved to successfully 
develop such a communication system. First the en- j 

tire tape data and format must be converted to a form I 

recognizable by the receiving equipment so that it | 

can regenerate the original tape. Secondly, the com- j 

puter appears to the outside world to be an asynchron- j 

ous, 16-bit parallel data source. Digital communica- 
tion systems must be synchronous to maximize communi- ■ 

cations efficiency and, furthermore, generally require j 

a serial data source. Finally, the data to be trans- ] 

“j 

mitted must be received error free. All communica- 
tion links make errors. The goal of this system ! 

was to achieve a bit error rate (P^) no more than • 

one error in 10^ transmitted data bits, i.e. P. £ 

b 



The equipment developed by Philco-Ford WDL utilized 
Honeywell 516 computers operating with Honeywell tape 
machines. A special-purpose Interface Unit and high 
efficiency triple-error-correcting Threshold Decoder 
developed by Philco-Ford provide: (a) the asynchron- 

ous to synchronous conversion, (b) parallel to serial 
conversion, (c) the data formatting and (d) the high 
efficiency, law-error-rate operation of the link. 

Another very important feature provided, which can 
only be fully appreciated when working with an oper- 
ating system, is a very efficient and easy to use soft- 
ware system. Efficiency is measured here in terms of 
data processing speed and of maximum simplicity in 
terms of demands placed on operator educational require- 
ments. To complete the communication system Philco- 
Ford WDL has off-the-shelf data modems capable of 
operating within 0.5 dB of theoretical biphase-shift 
keyed (BPSK) performance. Use of a Philco-Ford BPSK 
modem, together with the other above described equip- 
ments, a complete computer- to-computer high rate link 
can be implemented. Typical performance character- 
istics for the system are presented in Table 1 assum- 
ing the use of a 40 ft. ground terminal and operating 
through an IDCSP satellite (1). 



A system similar to this has been implemented by 
Philco-Ford WDL and was previously described in the 
literature (2) . The realization of this system must 
not be looked upon as a special, one-of-a-kind, type 
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of situation. The need for computer -to-computer commun- 
ications is growing and will become, in the near future, 
an ever-growiyig need clamoring loudly to be satisfied. 
The advantage of satisfying this need via a satellite 
communication link is not only that it performs the task 
well but more economically than other available means, 
e.g. ground based common carrier. 



TABLE 1 

PERFORMANCE CHARACTERISTICS OF A TYPICAL COKPUTER- TO -COMPUTER LINK OPERATING 
THROUGH A 40 FT EARTH TERMINAL AND IDCSP SATELLITE 



DATA RATE - Kbps 


50 


56.25 


112.5 


225 


450 


ca 


BIT ERROR PROBABILITY 
C/kT > 67 dB (Hz) 


< 10- 15 


< IQ" 15 


< io“ 15 


icf 14 


3 x 10~ 10 




2400 FT REEL TRANSFER 
TIME (MINUTES) 

556 bpi, 36 ips 


41.0 


36.6 


18.2 


13.3 


13.3 


13.3 


800 bpi. 80 ips 


55.8 


49.7 


24.8 


12.4 


6*4 


6.0 


800 bpi, 150 ips 


55.8 


49.7 


24.8 


12.4 


6.4 
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TRANSMISSION CONSIDERATIONS BETWEEN SWITCHED SERVICE 
• AND PRIVATE LINE DATA COMPLICATIONS 

R. D. Hailey - Pacific Telephone Company, 408-291-4463 
F. E. Ward - Pacific Telephone Company, 408-292-4077 
111 North Market Street, Room 612 
San Jose, CA 95113 

INTRODUCTION ; The purpose of this presentation is to pro- 
vide designers and users of data communications service 
with an understanding of the two basic telephone communi- 
cations services, the DDD Network and Private line. 

The DDD Network provides the electrical transportation of 
customers* messages from one location to another. Switch- 
ing includes identifying and connecting independent trans- 
mission links to form a continuous path from one terminal 
to another. 

The simplest connection involves voice frequency trans- 
mission between two stations through a single switching 
office* More complicated connections may involve many 
links in tandem and include several switching offices. 

Th-s Transmission paths in the network may be divided into 
two categories, station loops and trunks. Hie station 
loop is normally a voice frequency facility using a tele- 
phone cable pair and is dedicated to the use of an indi- 
vidual station. The loop provides a two-way path between 
the customer’s terminal equipment and the local central 
office. The loop is usually the largest single invest- 
ment directly associated with a particular station. Eco- 
nomical loop design is thus of primal r importance. While 
loops are dedicated to an individual customer, trunks are 
shared by many customers and provide transmission links 
between switching offices. 

SUBSCRIBER LOOP AND TRUNK CONSIDERATIONS : The optimum de- 

sign of the local loop is of considerable importance. Two 
loops are a part of every telephone connection so their 
electrical performance can have a strong influence on the 
transmission quality of the service we provide. The selec- 
tion of wire sizes and loop lengths is based on loop re- 
sistance and a set of rules which take into account the 
correlation between resistance and attenuation. 

Rules Affecting Loop Design: 

a. Select the most economical (smallest) gauge, or 
combination of consecutive gauges, permitted by 
the conductor resistance range of the central 
office. 

b. Provide loading on all loops longer than 18 kilo- 
feet. From the standpoint of transmission and eco- 
nomic design, the H88 loading system is usually the 
most attractive. 

c. Limit cable bridge tap to 6000 feet. 

Very long suburban loops present a special problem. Meet- 
ing the office resistance range at the end station may re- 
quire considerable coarse gauge cable. An economic balance 
must be struck between a cheaper high resistance loop and 
the expense of extending the office range. 

The impedance of a local loop terminated by a telephone set 
varies as a function of frequency, cable design, and loop 
length. Theoretically, these impedances could be adjusted 
by the inclusion of suitably designed networks, but this is 
economically unattractive because each loop would have to 
be so treated. Individual loops, which may have different 
impedances, are connected by end-office to trunk facil- 
ities, which may also have different impedances. However, 
there are fewer trunks and their costs are shared by many 
customers. Control of trunk impedance is therefore more 
economical; precision networks and impedance compensating 
networks of various designs are provided for this purpose. 



Intertoll trunks are designed to provide good impedance 
matches at their terminals and at intermediate points. 
Furthermore, intertoll trunks generally introduce ap- 
preciable frequency distortion. Thus the atten- 
uation of an intertoll trunk usually determines its contri- 
bution to the effective loss of a circuit. In the exchange 
plant, loops and trunks are normally electrically short 
and, as mentioned earlier, do not have particularly good 
impedances at junctions. Thus* the impedance at a par- 
ticular point of a built-up connection will depend on the 
impedance terminations at remote points. Likewise, the 
power loss will be a function of the attenuation of the 
components and the reflection gains and losses at the 
numerous junction!;. 

NETWORK : The telephone systems in the United States and 

Canada handle more than fifteen million long distance 
messages a day. Thes<=* are routed over a uomDrehensive net- 
work of more than 300,000 long-haul trunks which intercon- 
nect about 1,600 long distance switching offices. This 
network serves, with few exceptions, all of the telephones 
in these two countries and provides for establishing con- 
nections to most other parts of the world. 

Large volumes of traffic between any two points are gen- 
erally routed most economically over direct trunks. ’When 
the volume of traffic between two offices is small, how- 
ever, the use of direct trunks is usually not economical. 

In these cases the traffic is handled by connecting to- 
gether, by means of switching equipment at intermediate 
offices, two or more trunks to build up the required con- 
nection. The places where interconnections are made are 
generally known as "switching centers”. "Built-up" con- 
nections may involve several switching centers if the 
originating and terminating locations are a great distance 
apart. It is important that telephone plant be designed 
to provide a constant quality of transmission and service 
for this multiswitch traffic as well as the large volumes 
of traffic handled by the less complex direct and single 
switch connections. 

The needs of distance dialing are met by switching and 
trunking arrangements that employ hierarchical routing 
discipline and the principle of Automatic Alternate Rout- 
ing to provide rapid and accurate connections, while making 
efficient use of the telephone plant. The hierarchical 
routing discipline provides for the collection and distri- 
bution of traffic, and permits complete interconnectability 
of all offices. With the Automatic Alternate Routing prin- 
ciple, a call which . encounters an "all trunks busy" condi- 
tion on the first route tested is automatically "route 
advanced" and offered in sequence to one or more alternate 
routes for completion. 

Under the Switching Plan .each office involved in the com- 
pletion of long distance calls is classified and desig- 
nated according to its switching function, its inter- 
relationship with other switching offices, and its trans- 
mission requirements. The class designations given to the 
switching centers in the network determine the routing 
pattern. Figure 3 illustrates how various classes of 
offices might be grouped. The office classifications, 
their functions, and the switching areas they serve are 
described in the following paragraphs . 

The central office equipment entities where telephone 
loops are terminated for purposes of interconnection to 
each other are called "End Offices" and are designated as 
"Class 5” offices. 

The switching centers which provide the first stage of 
concentration for inter-toll traffic from end offices are 
calleo: Toll Centers or Toll Points and are designated as 
"Class 4”. Certain switching centers, in addition to con- 
necting end offices to the network, are selected to serve 
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as higher ranking switching centers. These are Primary 
Centers, designated "Class 3"; Sectional Centers, desig- 
nated "Class 2"; and Regional Centers, designated 
"Class 1", Collectively, the Class 1, 2 and 3 offices 
constitute the Control Switching Points of the distance 
dialing network. Each separate switching unit must be 
assigned its own classification within the hierarchical 
routing plan. 

It is not necessary that Cl-'ss 5t 4 and 3 offices must 
always home on the next higher ranking (lower class 
number) office. For example, Class 5 offices' may be 
served directly from any higher ranking office. Fig. 3. 

Direct high usage trunks are provided between offices of 
any class wherever the volume of traffic and economics 
warrant the necessity. High usage trunk groups carry 
most but not all the offered traffic in the busy hour. 
Overflow traffic is offered to an alternate route. 

There are four simple rules that govern the routing of a 
call, see Fig. 3: (1) Never use more than two chains. 

(2) Never go up a foreign chain. (3) Never go down the 
local chain. (4) Always take the shortest available 
route. It should be noted that the maximum number of 
trunks connected in the final route chains from Class 4 
office to Class 4 office cannot exceed seven for intra- 
country calls or eight for a very few United States- 
Canada calls. These plus the trunk to the Class 5 office 
at each end, result in a maximum of 9 trunks in tandem for 
intracountry calls and occasionally 10 for United States- 
Canada calls. The probability of a call traversing all 
possible trunks of the final routing chains is estimated 
to be only a few calls out of millions. Calls between 
high volume points are completed on direct trunks regard- 
less of distance; relatively few encounter multiple 
switches. As traffic growth occurs, a relatively larger 
portion of the traffic is carried on direct routes. 

Multiple switching is the rule, however, between in- 
frequently called locations. 

ALTERNATE ROUTING: The successful completion of long dis- 

tance traffic depends upon a high-speed trunk network so 
that "all trunks busy" conditions are rarely encountered. 
Alternate routing is one of the techniques that makes this 
possible with reasonable trunk efficiency. A call enter- 
ing the network is always routed over the most direct avail- 
able trunk. When the first choice high usage trunk group 
is busy, a call will be alternate routed to other trunk 
groups. In the example shown in Figure 3 there are 13 
possible routes for a call from Station A to Station B. 

Only when all high usage trunk groups are busy will a call 
be routed over the final trunk route. 

VIA NET LOSS CONCEPTS: 

Design Factors: The following transmission considerations 

are important in determining the lowest practicable losses 
at which trunks may be operated: 

a. Echo 

b. Tolerance to Echo 

c. Singing 

Echo ; Echo is the sum of all the transmitted energy which 
has been reflected back to its source. Fig. 1 shows how 
an echo arises on a telephone connection. This figure 
shows the relatively simple case of a 4-wire trunk connected 
by means of 4-wire terminating sets to a 2-wire termination 
through the switches at each end. The 2-wire terminations 
may be anything from nearby telephone sets to sets on a wide 
variety of customer loop lengths on loaded or non-loaded 
facilities, or on carrier systems. There may also be inter- 
vening trunks on cable (either loaded or non-loaded) or on 
carrier systems. The range of impedance presented by these 
terminations varies widely, being different for each con- 
nection. The best that can be done under such circumstances 
in selecting a balancing network for a 4-wire terminating 
set is to choose one which is the best compromise for the 



range of conditions encountered. This is kmwn as a com- 
promise network. It consists of a resistor and capacitor 
in series whose values are determined by the general 1-^vel 
of impedance of the particular office. Understandably, 
the balance in any given connection might not be ideal. 

When the customer at Point A talks, his speech energy 
(the heavy solid line) travels along the circuit to Point 
B and on to the distant customer. However, because of 
the impedance mismatch between the local plant and the 
compromise network at Point B, some of this energy (the 
dash-dot line) is reflected back across the 4-wire termi- 
nating set and is transmitted back to the talker* s re- 
ceiver. Thus he hears his own voice and, if the time re- 
quired for his speech to travel to Point B and back is 
long enough, the returned energy appears as a distinct 
echo; hence, the term "talker echo". The round trip delay 
(usually expressed in milliseconds) is the time it takes 
the energy from the speaker’s voice waves to travel to 
the distant end of the circuit and back again. Both the 
magnitude and delay of the energy affect the tolerance 
level of the echo. The greater the delay, the less echo 
level the talker can tolerate. 

At Point A, the same kind of impedance is present as at 
Point B. Consequently, some of the talker echo arriving 
at Point A is again reflected back across the 4-wire 
terminating set at that point and is transmitted back (the 
dotted line) to the subscriber at Point B. This is known 
as ’’listener echo". However, the extra loss across the 
4-wire terminating set at Point A and the adied loss en- 
countered in the additional trip down the circuit so 
attenuates the listener echo that it is usually not con- 
trolling in this type of connection. For data trans- 
mission talker echo has no effect on the data transmitter, 
but listener echo can be extremely detrimental to the data 
receiver if the echo level is high enough and the delay 
long enough. 

The echo characteristic of a connection as discussed 
above imposes a lower limit on the loss at which a trunk 
can be operated. Thus it is the trunk loss itself to 
which we must look to control echo. The performance ob- 
jective for talker echo (customer to customer) is as 
follows : The design of trunks should be such that talker 

echo will be satisfactorily low on more than 99 percent 
of all telephone connections which encounter the maximum 
delay likely to be experienced. 

Singing: Referring to Fig. 1 again, it can be seen that 

if the current returned to Point B by the "listener echo" 
path is greater than the original current arriving at 
that point, a condition is set up which sustains a cir- 
culating current around the loop consisting of the two 
sides of the circuits and the terminating sets at the ends. 
This condition can arise at any frequency due to low re- 
turn losses at Points A and B and higher gains in line 
repeaters or carrier channels. Stated in another way, 
singing occurs when, at any one frequency, the sum of all 
the gains in the transmission paths exceeds the sum of 
all losses. Singing can be prevented by limiting re- 
peater and carrier system gains and, preferably, by im- 
proving the terminal return losses. 

VIA NET LOSS (VNL) DESIGN: It is desirable to assign the 

overall loss so that each trunk of a connection operates 
at the lowest possible loss consistent with echo and sing- 
ing requirements . This is accomplished through the use 
of echo suppressors and VNL design. The VNL design plan 
was arrived at by first considering the tolerance of 
customers to talker echo, then taking into account the 
statistical variations of the elements involved, and from 
this determining the loss required between end offices in 
an overall connection. Loss per trunk requirements are 
obtained by allocating this overall connection loss among 
the n umb er of trunks in the connection. 
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Figure 2 shows the design loss to satisfy echo and singing 
requirements as a function of the number of trunks to be 
connected in tandem and the round trip delay of the facil- 
ities. Inspection of this figure reveals that as the 
number of trunks is increased, an increase in loss of 
approximately 0.4 dB per additional trunk is required. 

This increment compensates for the increased loss vari- 
ability with an increased number of trunks. The minimum 
loss of 4 dB is required to prevent a singing condition at 
low time delays. Host long-haul carrier systems have a 
propagation time of about 0.007 milliseconds per mile. To 
estimate the round trip delay of a connection the propaga- 
tion iime should be multiplied by twice the one-way con- 
nection length. 

Via net loss design rules are only used when the round trip 
delay is less than 45 milliseconds. This is done to limit 
the maximum trunk losses so that the nominal received power 
is adequate. When the round trip delay exceeds 45 ms, a 
trunk is equipped with an echo suppressor and operated at 
zero loss* Fig. 3 shows the objective losses for trunks 
in the switching plan. These objectives provide a satis- 
factory compromise between: (l) the need for sufficiently 

low loss to provide natural received volumes and minimum 
contrast in received volumes on different calls, and 
(2) the need for sufficiently high losses to ensure ade- 
quate performance from the standpoint of talker echo and 
near singing. These are the objectives obtained by Via Net 
Loss (VNL) design considerations. 



Whether the data user elects to utilize Private Line or 



the DDD network for his communication link, it must be 
realized that the facilities involved introduce distor- 
tions. The term "window* 1 has been used to describe the 
transmission medium. It may be a window indeed, but it 
is not without imperfections. It contains delay, both 
absolute and envelope, loss, non-linear loss vs freouency, 
white noise, and impulse noise, as well as possible Dhase 
jitter, frequency off set and occasional hits due to micro- 
wave switching. 



ECHO PATHS 




LISTENER echo PATH 



FIG. I 



RELATK>N*HIR 1ETWEEN OVERALL CORRECTION LOM AND ECHO PATH DELAY 

(CLASS 5 TO CLASS 5 OFFICE) 



PRIVATE LINE SERVICE: An alternate mode of operation from 

the DDD network is Private Line. Although the facilities 
used to provide the data channels are the same as those 
found in the DDD, control with regard to choice of facility 
and routing is available to the telephone company design 
engineer. Because the choice of route and facilities can 
be predetermined, so can the overall transmission charac- 
teristics. Appropriate equalization is administered as 
required. The user states, at the time of placing his order, 
the parameters he desires. The worst case condition with 
regard to overall circuit characteristics can be found in 
the Bell System technical reference manual entitled "Trans- 
mission Specifications for Voice Grade Private line Data 
Channels”. 

Should the data user desire, the Private Line data services 
can be ordered with certain limitations , on a two point, 
multipoint, or switched basis. The limitations are based 
upon the degree of equalization required and the number of 
points involved* 



OVERALL CONNECTION LOSS WHICH GIVES 
SATISFACTORY ECHO IN»3%OF CASES 




DATA SERVICE PLANNING: Data service planning involves the 

evaluation of specific user requirements and the considera- 
tion of many alternatives. Several areas of paramount con- 
cern in planning a data system are: volume of data, urgency 

of data, sensitivity to errors and the ability to handle 
interruptions. As these areas are fundamental to the data 
communications process they should be thoroughly evaluated 
prior tc considering any specific implementation. Once this 
is done, attention can be directed toward finding a service 
or combination of services that fulfill the system require- 
ments. 

The switched network offers the data communications user 
considerable flexibility in terms of the widespread avail- 
ability of connections and economical rates. Its limita- 
tions include the variability of performance from call to 
call, limitations on speed imposed by the voice bandwidth 
nature of the network and the time required to set up con- 
nections. Where these limitations are serious, it may be 
that other services are better suited to fulfilling specific 
requirements. These services include switched and non- 
switched voice grade private line services, several types 
of teletypewriter oriented data services and wide band data 
service. In planning a total data system, these other ser- 
vices should be considered as alternatives, depending on 
traffic and feature requirements, or they may be used in 
combination with switched network service. 




FIG. 2 



TRUNK LOSSES 

WITH VIA NET LOSS (VNL) DESIGN 
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Cost Effectiveness Evaluation of 
Concentrators in Data Communications 
Networks 

Norman F. Schneidewind 

Department of Operations Research 
and Administrative Sciences 
U. S. Naval Postgraduate School 
Monterey, California 93940 

(408) 646-2719 or 2041 

The Problem 

Concentrators are employed in data 
communications networks for the primary 
purpose of reducing line charges in long- 
line networks. This advantage must be 
weighed against the increased thruput and 
lower terminal response time provided by 
the more expensive point-to-point network. 
Concentrators perform the function of multi- 
plexing multiple input lines onto one or 
more higher speed output lines. In addition, 
concentrators provide capabilities for mess- 
age assembly, code conversion, editing, 
formatting and bufferring. Concentrators 
may be either hard-wired or programmable. 
Hard-wired concentrators have fixed sample 
time, number of samples, number of lines, 
input rate, message size, etc., while pro- 
grammable concentrators are frequently mini 
computers In which the above parameters can 
be varied to a considerable extent. In 
addition, programmable concentrators can 
perform message accounting, traffic analysis, 
billing, dynamic buffer allocation, priority 
message processing and elaborate error con- 
trol routines. Thus, programmable concen- 
trators provide greater application flexi- 
bility but at higher hardware and software 
costs. 

Techniques are needed for determining 
whether lines should be concentrated or 
routed on a point-to-point basis In a net- 
work In which user terminals are to be con- 
nected to a computer. Secondly, If line 
concentration is appropriate, it Is neces- 
sary to choose between hard-wired and pro- 
grammable concentrators ♦ Both effective- 
ness and cost factors must be considered in 
this evaluation* From the point of view of 
the user at the terminal, response time Is 
the most Important quantitative performance 
measure. From a total network performance 
point of view, thruput is the most appro- 
priate measure. Cost factors Include the 
following for each of three network connec- 
tion schemes; 

Po Int 

to Hard-Wired Programmable 
Point Concentrator Concentrator 



•Modems x 


X 


X 


•Point to point 
line charges x 


•Installation x 


X 


X 


• Concentrator(s) 


X 


X 


•Input line(s) 


X 


X 


•Output line(s) 


charges 


X 


X 


•Software development 




X 



In this evaluation, the costs of termi- 
nals, traiLsmi ssion controller or front-end 



o 




processor, and central computer are approxi- 
mately the same for point-to-point and con- 
centrator networks. 

Approach 

The approach which is employed Is to 
develop queueing models of selected networks 
and to compare the effectiveness and costs 
of using concentrators with a point-to-point 
connection. The analysis consists of the 
following four phases: 

1. Develop feasible networks for both concen- 
trator and point to point networks. 

2. Compute terminal response time and network 
thruput for the two types of networks. 

3* Compute the total cost of the two types 
of networks. 

4. Compare the effectiveness and costs of 
point-to-point with concentrated networks 
and determine which of the following Is 
most appropriate: 

- point to-point connection 

- hard-wired concentrator 

- programmable concentrator 

Phase 1 considers feasibility from two 
standpoints. One purpose is to develop net- 
works In which the traffic intensities and 
queues In each part of the network are not 
excessive. The second purpose Is to provide 
a network which satisfies response time and 
thruput requirements for specified number of 
terminals and input rates. 

Next, (Phase 2), terminal response times 
and thruput rates are computed for each con- 
figuration and for various input rates. In 
the case of programmable concentrators, the 
effects on performance of factors such as 
priority message processing and buffer stor- 
age areas are evaluated. In Phase 3* feas- 
ible network totr,i costs are computed for the 
alternate networks., considering the cost 
factors previously listed. Finally, In 
Phase 4, incremental respoxise times and thru- 
put rates are compared with incremental costs 
in order to select the most appropriate con- 
figuration. Curves of effectiveness versus 
cost for the three alternatives are pre- 
sented. 

Conclusions 

When the number of user terminals can 
be varied for a fixed message Input rate, 
the point-to-point network will usually be 
superior to the concentrator network on both 
a cost and effectiveness basis, except when 
the line runs are extremely long. This 
result Is due to fewer terminals and lines 
being required for the po Int-uo-point net- 
work for a given level of effectiveness or 
cost. In the case of a concentrator network, 
the additional processing time Introduced by 
the concentrators ) requires the input 
traffic to be distributed over a larger num- 
ber of terminals and lines in order to 
achieve a given system response time or thru- 
put. This results in higher cost for given 
levels of effectiveness or, alternately, 
lower effectiveness for a given cost. The 
concentrator network Is particularly at a 
disadvantage when low response time, 
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high thruput or low mileage line runs char- Stimler, Saul, "Real-Time Data-Pro cessing 

acterize the network. These results do not Systems, Me Graw-Hill, 1969 * PP* 110-139- 

hold as the length of the network becomes 

large, because line charges will eventually 

dominate cost considerations and the point- 

to-point network becomes excessively costly. 

A different situation pertains when a 
fixed number of user terminals must be em- 
ployed, due to a geographic or organizational 
requirement for terminals. In this case, the 
economies of less equipment cannot be 
achieved in the point-to-point network. In 
this case, the point-to-point network will 
always provide shorter response time and 
higher thruput; however, cost will be higher. 

The following are the characteristics of the 
fixed terminal case for a given input rate: 

• network cost rises faster in point-to- 
point networks as the number of terminals 
required increases 

• network cost is significantly increased as 
line runs increase in point-to-point net- 
works 

• network cost increases negligibly in con- 
centrator networks as line mileage 
increases 

. differences in response time between the 
two networks decrease with an increase in 
the required number of terminals 

• differences in thruput between the two 
networks increase with an increase in the 
number of required terminals. 

These characteristics signify that the 
concentrator network has an advantage when 
the number of required terminals is large, 
line runs are long and response time is more 
important than thruput* Conversely, point- 
to-point networks have an advantage when the 
number of required terminals is small and 
line runs are short. Selection of network 
type depends on the relative difference in 
cost between po int-to-po int and concentrator 
networks versus the relative difference in 
effectiveness, for a given number of termi- 
nals and line mileage. 

In summary, there is an important dif- 
ference in relative network performance and 
cost depending on whether the number of ter- 
minals is fixed or can be varied in the 
network design. 
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DROPOUTS AND PHASE-HIT EFFECTS ON DATA CHANNELS 
L. A. Sibley 

Pacific Telephone 
Room 606, III N. Market Street 
San Jose, California 95113 
(408) 291-4556 

Data communication channels extending over more than a 
very few ml les are subject to "dropout” and "phase-hit” 
effects which Introduce error bursts. The dropout 
phenomenon Is the more serious of the two, and is re- 
sponsible for the most severe error occurrences. All 
long-haul, and most short-haul, communications media 
exhibit these effects to some degree. Advanced sys- 
tems now coming Into prominence, for example all— digi- 
tal networks, will relieve but not eliminate the pro- 
b I em. 

Dropouts, or brief signal Interruptions lasting perhaps 
one to 1000 ms, result from a variety of causes. Pro- 
tection switching on microwave radio, either automatic 
or manual, causes momentary losses of signal. The ef- 
ficient one-for-f!ve protection systems used for long- 
haul service Involve longer switching times than the 
simpler one-f or-one arrangements used In short-haul ap- 
plications. Troposcatter systems are subject to brief, 
deep fades which effectively block the data signal. 

The occurrence of fades on all radio systems, llne-of- 
slght parti cu I arly , depends on seasonal and diurnal ef- 
fects. Hence the dropout rate can be expected to 
change with time. The quality of radio maintenance, by 
affecting the tolerable fade depth, has Its influence 
on the dropout rate. PCM carrier systems occasionally 
lose framing, resulting in brief signal losses. Pro- 
tection switching on coaxial cables results In the same 
efrect. Maintenance and patching activities on any sys- 
tem induce dropouts, as can equipment defects. The age 
of the equipment design naturally affects Its tolerance 
to such effects as power transients. 

Data will be presented on i’he rate of occurrence of 
dropouts on typical transmission facilities used for 
data transmission at alt speeds, as taken from CCITT 
and Bell System sources and local studies. Because the 
same mechanisms affect them equal ly, dropout durations 
and rates of occurrence are evoected to be slml lar on 
all data channels, te letype-sp^ed through wideband. 

The rates of occurrence for dropout effects are extreme- 
ly variable from one facility to another, even on iden- 
tical routes. The same holds true for different direc- 
tions of the same data channel. The variability affects 
both the typical duration and the number of events per 
unit Time. 

Phase hits are an effect of secondary Importance. 

These are sudden jumps In the phase of a received data 
signal. Principal causes are differences In length 
between protection-switched coaxial cables In the 
sane sheath, and switching of carrier supplies In FDM 
multiplex. Radio systems are generally designed to 
minimize phase shifts during switching, but are na- 
turally open to any phase change In the multiplex 
equipment. Phase changes up to 360° can occur and 
last any amount of time. Slower changes - "phase 
crawl" - also occur. 

Phase-hit effects are a minor cause of trouble in 
comparison with dropouts. Unfortunately, most com- 
mercial phase-hit detectors respond also to dropouts, 
since phase becomes discontinuous when a signal loss 
occurs. Likewise, impulse noise can also result In 
erroneous phase-hit totals. 

e 




Phase changes of 30° or more on long-haul channels are 
usual ly much less frequent than 30 times per hour, as 
an upper bound. Short-haul facilities are essentially 
free from phase hits. 

Both dropouts and phase hits result in bursts of errors 
The seriousness of these Impairments depends naturally 
on the speed of transmission, but also on the data 
organization (character-interleaved versus bit-inter- 
leaved multiplex, for example) and the block length. 
Forward-acting error correction Is frequently effective 
against the shorter bursts; ARQ systems are favored In 
the face of long bursts. The Interval between bursts 
Is also Important. Dl rect I y-mu I t I o lexed data systems 
with no protection means are extremely susceptible to 
these effects. Speed of sync recovery in data sets 
and multiplexers is of obvious Importance, as is the 
length of the signal loss required to cause an auto- 
matically-equalized data set to retrain. Data multi- 
plexers operating back-to-back between different 
transmission channels without trouble monitors or other 
means of sectional i zing error bursts are both extremely 
susceptible to sync loss and virtually Impossible to 
troubleshoot. The makoup of the circuit has Its own 
effect on the burst rate; most long circuits are com- 
posed of both short- and long-haul facilities In tandem 
and a great many long-haul channels are comprised of 
both radio and cable sections. In addition, the rela- 
tive amounts of coaxial cable and radio In a particular 
long-haul channel may change frequently as the com- 
munications carrier’s growth program progresses. 

Dropouts and phase hits are a routine occurrence on 
data communication channels. A successful system 
design must include safeguards against the error bursts 
that they cause. 
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THE RJE ENVIRONMENT: 
HIGH-SPEED VOICE GRADE COMMUNICATIONS 

By: Robert Larribeau, Jr. 

Vice President-Operations 
Information Systems Design, Inc. 
7817 Oakport Street 
Oakland, California 94621 
(415) 562-4204 



While a great deal of attention has been paid 
to the development of timesharing systems 
over the last several years, remote batch 
systems have developed as a practical method 
for using computers. Remote Job Entry (RJE) 
systems provide access to a batch oriented 
processing system such as the CDC 6600, the 
IBM 360/65, or the UNIVAC 1108 through a 
high throughput oriented terminal. The 
operating systems on these computers provide 
the remote user with all the capabilities 
available to the on site user; as a matter 
of fact, at ISD the service provided the 
terminal user is better than the service 
provided to the in-house user. 

The .typical remote batch terminal consists 
of a 300 card per minute reader and a 300 
line per minute printer and costs about 
$1,000 per month. Terminals with both 
higher and lower speed peripherals are 
available. The throughput of these termi- 
nals are determined by line speed as much as 
peripheral speed. Peripherals such as tape 
drives and plotters are available but are 
seldom used. 

Communications facilities range from dial-up 
to wide band systems. A dial up facility 
with 2000 bits per second (bps) data sets 
with their 150 millisecond turnaround time 
provides an average throughput that ranges 
from 80 to 150 lines per minute. Four wire 
leased lines provide from 200 lines per min- 
ute at 2400 bps to 700 lines per minute or 
more at 9600 bps. A four wire leased line to 
any two points in the Bay Area costs about 
$150 per month. Modems cost from $75 per 
month for 2400 bps modems to $380 per month 
for 9600 bps modems . A terminal with 300 
lines or cards per minute capability, a 2400 
bps modem, and a leased line would cost about 
$1 , 5 00 per month . 

The communications schemes used in the RJE 
environment have two prime goals, one is 
error control, and the other is the maxi- 
mization of effective throughput. 

Synchronous transmission facilities are 
used with the RJE terminal. This means 
that a message of several hundred to a few 
thousand bits are transmitted in a block. 

The block is preceded by a sequence of a 
unique character called the SYNCH or syn- 
chronization character in order to differ- 
entiate between a true message and noise. 

If none of the SYNCH characters are re- 
cognized the entire message is treated 
as noise and dropped. 

The nominal line error rf'te of one in 10 5 
means that on the average every full page 
will contain one error. fhis error rate 







is far too great considering that a typical 
job produces 30 to 50 pages of output. Each 
block has check bits to determine whether bit 
errors have been made in the block. If the 
block has been transmitted correctly, an 
acknowledgement message (ACK) is sent back 
to the originator of the message to signify 
a correct transmission and that it is time 
to send the next message. If the block has 
not been correctly transmitted, a negative 
acknowledgement (NAK) is sent back to signify 
that the previous message should be retrans- 
mitted. Messages may also contain a sequence 
number so that a block that is dropped com- 
pletely will be detected. Time-outs are also 
used to keep the terminal and the central com- 
puter coordinated. 

Because of the 150 ms turnaround time on dial 
up, it is important to use large blocks. 
Throughput using 300 character blocks is twice 
that using 80 character blocks. However, the 
longer the block, the higher the probability 
of a transmission error occuring and the higher 
the cost of a retransmission. On a four wire 
full duplex line where there is no turnaround 
time, the effect of blocking is not large. 

A second technique that is used is to increase 
the information content of each bit. This is 
done by the use of data compression techniques. 
The simplest of these is to truncate the record 
after the last nonblank character. Another is 
to use tab stops to truncate after the last 
nonblank character within a group of characters 
exactly like the way that the tab key on a type- 
writer works. A more sophisticated scheme is 
to replace multiple instances of a character 
with a count together with the character that 
is to be replicated. 

The communications system is debugged primarily 
by using a test set which sends random bit 
patterns over a looped back line and checks 
them when they return. The test set has a 
bit error counter which can be used to check 
error frequency on the line. It can also be 
used to locate modem problems. 

The main problem with maintaining the system is 
fault location. A problem may exist in termi- 
nal hardware, terminal software, modems, line, 
central site hardware, and last, but certainly 
not least, central site software. Reliable 
fault location is especially important since 
debugging individual components in the system 
can be quite difficult and time consuming. 

The complexity of maintaining a high level of 
service in a synchronous communications network 
of more than a few lines requires a high level 
of technical capability today. It is necessary 
to control software, hardware, and communica- 
tions facilities. However, major changes will 
ccme about in the last half of this decade with 
the advent of all digital networks from both 
Bell and independent suppliers. Modems will no 
longer be necessary. The reliability of data 
transmission will be much higher than it is 
today, and the people maintaining the communi- 
cations facilities will be better equipped to 
debug the system. The cost of these services 
should go down and new services will be made 
available. The all digital network coupled 
with better control of the software will make 
RJE a commonly used method to distribute com- 
puting power. 
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♦’Communications in a Time-Sharing Network" 

D. E. Carriger 

The Service Bureau Corporation 
111 W. St. John Street 
San Jose, CA 95113 
286-9100, ext. 425 

The typical time-sharing service provides its customers 
access to a computer through a terminal located on the cus- 
tomers’ premises. The terminal communicates with the 
computer through the appropriate modems and the DDD net - 
work. A customer time-shares the computer with other 
customers. This is accomplished, in the computer, by 
alternating the work from one task to another. Thus, the 
total operating time available is divided among several cus- 
tomers. Time-sharing systems are designed so that each 
customer seems to have the computer dedicated to his tasks. 

The design of a time-sharing network must be consistent 
with the design of the time- sharing service(s) that will use it. 
The factors that must be considered are: 

1) Response: The customers’ most readily accessible 

measurement of a particular time— sharing system is 
the response time — the response time being the 
time between the customer striking the carrier 
return and the terminal receiving the first character 
back from the system. 

Response delays introduced by the network add to the 
delays caused at the computer. The total of these 
delays must fall within the acceptable range for the 
action taken, i.e. response required on entering a 
line of data is faster than the response required for 
a command. The design and redesign of a time- 
sharing network must take into account the effects on 
response experienced by the customer. 

2) Reliability: The hardware and software tha.t make up 

the network must give the customer uninterrupted 
access to the time-shared computer. When failure 
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occurs, backup procedures must quickly go into 
effect to minimize the impact on the customer. 

The network must provide error detection and/or 
correction capabilities consistent with the needs of 
the customers. The time-sharing network must, to 
some degree, compensate for errors encountered on 
the voice grade lines. 

3) Function: The function provided by the time-sharing 

network produces revenue. The function n^^dded 
by a typical network includes: 

a) Customer access at some number of cities (FOB 
points). 

b) Simultaneous access by n customers. 

c) Support of different terminal types. 

d) Support of different line types. 

4) Cost : The cost of the network includes hardware 
and possibly software. 

The Service Bureau Corporation’s telecommunication 
network has evolved from several small networks, each 
servicing a small geographic area to one nationwide network. 
The evolution progressed from networks of FX lines to a 
network supported by programmable data concentrators. 

This evolution is examined with respect to response, reli- 
ability, function and cost. 
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"Simulation in Computer Communications" 
by 

Dr. Naim Abou-Taleb 
Professor of Electrical Engineering 
San Jose State College 

Since the upsurge of computers that began in the 
1950's, there has been a rapid growth in data communi- 
cations over the voice and wide band networks. The 
rapid growth of .the computer field and its appli- 
cations, the use of time-shared systems and the tre- 
mendous amount of data to be handled is putting an 
enormous pressure on the present communication net- 
works . 

Because of the huge amount of capital needed to 
provide the facilities required, and because of the 
change of the nature and the scope of the information 
processed and transmitted, deep concern has developed 
at high management levels on a number of issues, 
related to the subject of computer communications. 

Some of the questions asked are: (1) Are we making 

use of the newly developed technology? (2) The com- 
puter and communications fields are changing fast.... 
is it proper to invest now or wait for some break- 
throughs in technology .... are they around the corner? 

(3) Could we provide the services needed now and the 
ones required in the next decade or so with the tech- 
nology available at present .... is expansion possible 
without degrading the system? (4) For good quality 
service .... how much does it cos t? .... Could it be done 
at less cost by better utilization of machines, lines, 
manpower. .. .etc. ? (5) What are the trade-offs? 

For an investment of a few billion dollars over 
the next few years, we are expected to answer these 
questions. ...in the best and most honest way we cap. 

For investment in that order, we the scientific 
community have to provide the management with means 
and tools to make the decisions. 

Simulation, with all its varieties, is expected 
to emerge as the most important tool, but unfortunately 
it has been used in certain cases to push certain pro- 
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ducts on the unsuspecting customers by flooding them 
with all kinds of tables, charts, languages, etc. 

It is our duty and we have the obligation of esta- 
blishing an acceptable set of rules in order that 
simulation will be used to give the customer the best 
for his investment. 

This paper covers the development of the simu- 
lation technique to its present state. Proposals are 
submitted on trends which should be adopted in simu- 
lating the computer communication system or any of its 
components . 
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INTERACTIVE MANAGEMENT OF MINERAL RESOURCES 
Practical experience with the Alaska data-base 



Jacques F, Vallee and Gerald Askevold 

* 

Stanford University 

This paper reports on a series of experiments 
done by the authors using an information-oriented 
language named DIRAC— 2. The purpose of these experi- 
ments was to demonstrate how advanced computer storage 
and retrieval techniques could be applied in the Earth 
sciences to provide planners and researchers with a 
flexible information tool. 

Information needs in the Earth Science s 

The information needs in the geosciences fall into 
three rough categories: 

(1) Planners at the regional or federal level need 
accurate, high-level correlations of many combina- 
tions of parameters.^ 

(2) Mining companies and other private operations 
require large quantities of geological, historical 
and bibliographic data on the resources of a par- 
ticular region, property or mining district. This 
often includes history of past production as well 
as map location, type of rock, nature of gangue 
material, and so on. 

(3) Researchers in public and private institutions need 
the ability to store economically the data found in 
the literature and to retrieve it quickly in re- 
sponse to unpredictable interrogations that are 
often statistical in nature. 

First experiments 

Our first series of experiments, covering the last 
few months of 1970, centered on the use of a fully- 
generalized data-base system called DlRAC-1. This 
system was of interest in the present context because 
it allowed us to rapidly create and develop models for ^ 
information structures applicable to mineral properties. 

In 1971 an advanced version of DIRAC was privately 
developed and gave us increased performance together 
with the ability to obtain graphs and correlations 
directly on a video display tube.^ 

The case of Alaska 

The rapid development of the mineral resources of 
the state of Alaska has created a situation that is 
highly suited for analysis from the data structure 
point of view. Not only is information scattered 
among many specialized centers, publications, and public 
or private files, but it comes with a variety of for- 
mats and coding systems. We were fortunate in receiv- 
ing the advice and help of the U.S. Geological Survey 
in defining a uniform record structure for the mining 
resources in Alaska and for the literature concerning 
them . 



1) It operates in time-sharing mode on a 360/67 
computer. The file is stored on a random-access 
disk. 

2) Search commands allow the step-by-step definition 
of subsets of the main file. Selected records 
can be displayed directly at the remote terminal. 

3) The full range of logical operations (inclusion, 
exclusion, negation) is available. 

4) Subfiles can be created and saved dynamically 
under user control . 

5) Use of the system requires no previous knowledge 
of programming. 

6) Correlation matrices can be computed and displayed 
on cathode ray tube equipment. For instance, the 
correlation between type of rock and elements 
produced can be generated with a single command 
for any given subset of the Alaska file. 

7) Histograms can be created and displayed on the 
scope in the same manner. 

The commands combine to provide a flexible decision- 
making tool that has not been available in this field 

before . 
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The Language 

The system we are using to store and retrieve this 
information is a very high-speed, interactive language 
that has the following features: 
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Coding Requirements of Digital 
Remotely Controlled Systems 

Salah M. Yousif 

Sacramento State College, Ph . 454-6691 
Sacramento, CA. 95819 



This paper is an analysis of the state of 
the art of modem coding schemes and their 
physical realization. The introduction of 
digital process computers in the fields of 
supervisory control, digital communication and 
remotely controlled plants and objects introduced 
a complexity in data transmission in communication 
among these computers and the associated data 
links. Also, large industrial systems such as 
chemical processes and modem power systems 
involve several subsystems located in stations 
miles away from one another, and each subsystem 
is provided by a minicomputer for supervisory and 
control purposes. The major system has one large 
process computer located at a central station whose 
functions are mainly optimizing the total process 
performance through hierarchial control, and 
coordination of action among the stations mini- 
computers. Important data information 'is inter- 
changed continuously over noisy channels in this 
hierarchy. Therefore, reliable means should be 
available to provide secure data interchange in 
order to exert correct and accurate control actions 
by th? actuating devices in the remote stations 
and to avoid receiving erroneous information at the 
central station. The main objective in computer 
communication is. high data transmission rate with 
small probability of error. Shannon’s channel 
capacity theorem puts an upper bound on data 
transmission rate for optimal error minimization 
and shows the existence of coding schemes that 
minimize the probability of decoding error. This 
paper will review and analyze coding schemes that 
are capable of detecting and correcting burst errors 
of finite length and methods of physical realization 
of these codes. Special emphasis will be devoted 
to polynomial codes and Bose-Chaudhuri-Hocquenghem 
(BCH) Codes. Since these codes are defined over 
binary Galois field GF (2 m ) , a survey of the theory 
of Galois field will be given in the paper. Linear 
sequential circuitry methods will be utilized to 
implement these codes, and 'the problems associated 
with implementation of long code words will be 
treated. 
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CHANGING communications technology 

AND THE TELE PROCESSING BOOM 

David G. Schutt 

Pacific Telephone 
1 1 1 N. Market 
San Jose, California 95113 
Phone: (408) 291-4609 

Abstract 

The healthy data communications expan- 
sion in California is an outgrowth of the 
host of data processing vendors and users 
who serve this area. New markets and new 
services appear every day. Those who are 
not using remote data processing now may well 
be large users of data communications in the 
future . 

This teleprocessing boom not only in- 
creases the number of data communications 
circuits, but it also results in increased 
transmission speeds. Both new and existing 
communications common carriers are looking 
for ways to satisfy the voracious hunger for 
information transmission that the teleproc- 
essing market stimulates. 

Concern for the ecology of computers and 
of communications is of primary importance. 
Three natural resources are basic to tne com- 
munications ecology: 

(1) space, 

(2) bandwidth, 

(3) time. 

Space resources are consumed by cables in un- 
derground ducts. Bandwidth resources are 
consumed by microwave radio channels. Time 
resources are consumed by transmitting sig- 
nals in a fixed length of time. Economic 
factors heavily influence which resource is 
used. 

The communications carriers strive to 
use their resources effectively and effi- 
ciently. This means there is a continuing 
demand for devices that efficiently use a 
voice bandwidth channel for high quality, 
high speed data transmission. As technology 
progresses, the information transfer rate on 
voice bandwidth channels has increased from 
1200 bits/second to 9600 bits/second and even 
higher on some circuits . 

At the same time, second generation data 
services are becoming popular. They satisfy 
a need for fast transmission speeds to permit 
computer load sharing, magnetic tape trans- 
mission and high speed facsimile reproduc- 
tion. In the past, such services generally 
used more spectrum. 

About the same time that wider bandwidth 
services were growing , a. time— division multi- 
plex system was being introduced for voice 
bandwidth transmission in the Bell System. 
This system, called Tl carrier, has had a 
profound influence on the communications in- 
dustry. One might say tuat each voice band- 
width channel in a T system is trading time 
for its equivalent bandwidth • That is, each 
voice Channel has end-to-end control during 




its particular sampling interval only. 

Digital techniques are used to transmit 
the voice samples. Consequently, high speed 
digital data communications users now have 
the ability to get from one location to an- 
other without converting an on-off (digital) 
signal to a band-of-f requencies (analog) and 
back to digital again at the distant end. 2 ' 3 

The digital network that the Bell Sys- 
tem proposes for service in late 1973 or ear- 
ly 1974 can be used to interconnect these T 
carrier systems to provide highly reliable 
and accurate digital data channels. 4 An or- 
der of magnitude improvement in error per- 
formance over the present switched network 
can be expected. Figure 1 shows the inter- 
connection hierarchy for digital systems. 
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Figure 1 - Digital Hierarchy 



Digital channels will be provided by 
other means in addition to T carrier. A new 
development will enable the Bell System to 
use its extensive microwave radio network to 
meet the rapidly rising demand for digital 
data service. In addition, a unit is under 
development to transmit 6.3 megabit/second 
bit streams on coaxial cable . 5 

A digital data transmission network has 
advantages and disadvantages to both common 
carriers and users. For the foreseeable fu- 
ture, data communications channels will un- 
doubtedly* be a mixture of both analog and di- 
gital. When the signals to be tra“Smitted 
are already in digital format, digital chan- 
nels and time-division multiplexing will be 
advantageous if their use can be shared over 
a variety of services. 2 
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THE BACKGROUND, ECONOMICS AND APPLICATION OF THE 
CASSETTE TERMINAL 

Sheldon C. Bachus - University of California, Santa Cruz 

Viewed historically, the technological advances in de- 
veloping complex computing devices has moved at a far 
greater pace than the techniques for getting data into 
them* The punched card, the prototype of which was first 
used in the 1890 census, remains anachro .istically the 
principal communication medium between man and computer. ■ 
Recent developments in source data automation, however, 
have provided an alternative to the punched card approach. 
This alternative, the cassette terminal, has significant 
technical, organization, and economic ramifications. 

Technically, the cassette terminal is identifiable by an 
architecture usually consisting of a keyboard, video dis- 
play screen, singular or multiple cassette recorders, and 
a central micro-processor. The micro-processor performs 
a variety of functions in linking together the various 
components. These functions include data editing and 
searching, arithmetic operations, matrix or "table look- 
ups", and data communication with a central computer or 
other terminals. Additionally, the cassette terminal can 
be equipped with peripheral devices including printers, 
card readers, and mass storage units. In that the micro- 
processor is directly programmable via either the key- 
board or by stored cassette record, the cassette terminal 
becomes a powerful tool for not only the capture of data 
but also for its ultimate disposition within the frame- 
work of the modern organization. 

Little has been said by social scientists as to the impact 
of computers on modern organization. Correlatively, 
nothing has been said with respect to cassette terminals. 
Yet, the cassette terminal can potentially alter the 
structure of every large centralized organization. Most 
notably the cassette terminal can serve as the arbiter 
between the forces of centralization and decentralization. 
That is to say, through its inherent flexibility, the cas- 
sette terminal can establish an equilibrium between the 
frequently competing forces of organizational unity and 
diversity. This equilibrium is most quickly identifiable 
at the middle management level of the organizational 
structure. It is here that the demands of centralized 
standardization conflict with the innovative and personal 
values of the unit manager and his staff. The cassette 
terminal provides an equilibrium between these forces by 
serving centralized information processing with standard- 
ized data inputs, and, concomitantly providing the unit 
manager with independent control of data aggregation, 
display, and formating. Furthermore, it does this at an 
economical level competitive with the traditional punched 
card approach to data entry. 

To establish the economic impact of the cassette terminal, 
a cost study was undertaken by the Santa Cruz campus of 
the University of California in the Spring of 1971. This 
study was^premised on three major hypotheses s 

1. Hypothesis I. In an srvganizational environment in 
which computer data is first manually coded and then 
independently keypunched or keytaped, cost savings car. 
be derived by automating the coding process such that 
that process directly produces the computer input 
medium. 

2. Hypothesis H. If the validity of Hypothesis I holds, 
then it can be further demonstrated that the derived 
cost savings will vary proportionately with the magni- 
tude of the data being coded. 

3. Hypothesis HI. Additional cost savings can be gen- 
erated by automating office procedures not directly 
associated with the creation of computer-compatible 
data. 




To test these hypotheses, an organizational environment 
was quantified using various workload measures. This 
test environment consisted of the campus Financial .Aid 
Office and the integration of its operations cycle into 
a computerized, Universi+ywide information system. 

Findings of this study showed that with respect to Hy- 
pothesis I, onlv minimal savings of 3-6^ would be de- 
rived over traditional data entry techniques if a 
cassette terminal were implemented at a low enrollment 
level of 4,100 students. However, in support of Hypothesis 
II, significant savings of 37- 5 % would occur as campus 
enrollment increased. In testing Hypothesis III no sig- 
nificant cost savings were found. It should be noted, 
however, that the organizational procedures in this last 
case were evaluated using a cassette terminal without full 
^arithmetic support, high-speed data search, and "table 
look-up". It is expected that further studies involving 
these factors will demonstrate additional savings using 
the cassette terminal approach. 
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COMPUTATION AND COMMUNICATION TRADE-OFFS IN MILITARY 
JOMMAND AND CONTROL SYSTEMS 

Dr. N.E. Willmorth 
System Development Corporation 
2500 Colorado Avenue 
Santa Monica, California 90406 
213-393-9411 



DoD is just now in the process of replacing a large 
number of obsolete small and medium scale first and 
second generation computers with modern, powerful, 
cost effective computers. Conceptually, these computers 
will form the hearts of interactive, remote job entry 
computer utilities that will place an unprecedented 
load upon existing digital data tran5 Ission facilities. 
In short, the tremendous technological explosion in 
digital data processing capabilities maybe creating 
a mismatch between processing and transmission costs. 

The CACTOS Project was created, under the sponsorship 
of DoD 1 s Advanced Research Projects Agency, to 
investigate the cost effectiveness of various trade- 
offs among computation and communication capabilities 
that might lead to the design of optimal teleprocess- 
ing system networks. 

Potential sources of cost effectiveness in designing 
alternative digital data systems lie in the economies 
associated with advancing technology, increasing scale, 
improving quality, specializing and simplifying 
processes, integrating functions, and minimizing 
network topologies. 

It would appear that taking advantage of the potential 
for technological development yields the most return 
for cost effectiveness comparisons. Costs per unit 
of operation for central processing units have been 
chopping by an order of magnitude about every six 
years. For transmission facilities, the decrease 
in costs have been obscured by the pricing policies 
of the public utilities and the FCC, but appear to 
approach an order of magnitude in about 2Q years. The 
development of storage media and terminal vlavices have 
not progressed quite as rapidly, but rapid advance 
appeals certain for the future. 

The economies of scale are the second most promising 
source of cost effectivity, but tend to be correlated 
with technological advance. These two potential 
economies provide the impetus for many extensions and 
consolidations of digital data processing systems. 

The economies of scale seem to vary considerably with 
the task for central processing units, varying from 
economies greater than Grosch's law to approximately 
straight line relationships. Potential economies 
of scale for communication systems seem large, but 
again are somewhat obscured by public pricing policies. 

The economies of quality lie in improved reliability 
and reductions in error rates. The advantages of 
quality are obvious and very high quality can be 
obtained through system redundancies and error 
detection and correction techniques, but these 
techniques tend to be expensive. As Vi cu scale, the 
cost effectivity of quality is correlated with 
technological advance. One of the most promising 
technological advances for quality of data trans- 
mission is pulse code modulation CPCM) and time 
division multiplexing. All digital systems based on 



LSI logic and PCM/TDM techniques promise large gains 
in quality at considerable reduction in costs. 

The economies of specialization and integration 
lie largely in avoiding the overhead costs of 
initializing, terminating and bookkeeping for 
complex job mixes and in creating standardized 
processers and processes that are perform more 
efficiently than general purpose machines and 
procedures. In this, specialization trade-offs are 
in contention with the economies of scale. However, 
future systems may depend upon gaining efficiency 
through multiprocessors and distributed logic 
Ci-e., intelligent terminals and computerized 
concentrators and switches) . 

The economies to be found in minimizing network 
costs present a complex problem to system designers. 
Optimum routing may involve least dollar costs, 
least links, most reliable or least distance as well 
as traffic load considerations. Optimum locations 
for nodes and optimum connections present other 
problems. There are so many factors to consider in 
evaluating alternative computation and communication 
network configurations that general trade-off 
functions are difficult to derive. 

Assessing economies for military command and control 
systems is complicated by the multiplicity of the 
performance criteria to be satisfied. Throughput, 
response time, reliability, and vulnerability 
are only a few of these. The benefit to be assigned 
to a particular performance criteria varies from 
system to system, depending upon the system mission. 
Much further investigation will be required before 
great precision in evaluating computation and 
communication trade-offs is realized. 
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SYNERGETIC MEASUREMENT TECHNIQUES 
FOR DATA TRANSMISSION 

R. M. Tweedie 
Pacific Telephone 
Room 606, 111 N. Market Street 
San Jose, CA 95113 
408-291-4739 

Abstract 

The transmission of data from one loca- 
tion to another requires a transmission sys- 
ten or circuit. These circuits are composed 
of one or more transmission links, each of 
which has electrical properties th=\t will 
modify the signal to some extent. It there- 
fore becomes necessary to have some way to 
measure the amount of these signal modifica- 
tions. Industry standards have been estab- 
lished for the majority of the different mod- 
ifying circuit properties . Some of the pa- 
rameters require measurement techniques not 
possible to implement without special test 
equipment. A number of the misunderstandings 
encountered between the Data and Communica- 
tion industries are directly traceable to 
both not completely understanding these spe- 
cialized measuring instruments and the cir- 
cuit parameters they are designed to measure. 

One of the most common offenders is im- 
pedance. The effect of impedances other than 
that specified for the Telephone Company in- 
terface on circuit loss measurements and gain 
frequency response is a frequent problem. An 
interesting example of this occurred recent- 
ly. There was a difference of 1.8 dB between 
the circuit loss measurements of the data 
user and the Telephone Company. One was us- 
ing a meter with a high input impedance and 
measuring bridged across the line of the cir- 
cuit (the modem impedance specification was 
600 ohms at 1000 hertz) . The other used a 
600 ohm instrument to terminate the circuit 
in place of the modem and measured the cir- 
cuit loss. The 1.8 dB discrepancy in meas- 
urements was resolved when the impedance of 
the modem was measured and found to be 460 
ohms and highly reactive at 1000 hertz. A 
termination such as this would also cause se- 
vere errors in gain frequency response meas- 
urements. 



not only has a greater effective noise band- 
width than voice-frequency noise sets, but 
the cable crosstalk is much worse at higher 
frequencies due to the cable capacity show- 
ing less capacitive reactance at high fre- 
quencies. Switching noise, analog and digi- 
tal carrier systems all have considerable 
high frequency components that do not affect 
voice-frequency systems. The communications 
industry noise test sets have filters ar- 
ranged for different weightings . The most 
common of these have roughly 300 to 3000 Hz 
passband . 

A more subtle measuring problem recent- 
ly was discovered with phase jitter. Two 
phase jitter meters of the same make and 
model gave identical readings at one jitter 
rate and yet differed by 100% at another 
jitter rate. This was due to a difference in 
the low jitter rate response of the two in- 
struments . 

Each impairment such as envelope delay 
distortion, noise, phase jitter, phase hits, 
gain hits, drcpouts , harmonic distortion and 
frequency shift has its particular measure- 
ment pitfall (s) . It is imperative that our 
industries make every effort to understand 
the peculiarities of the language and equip- 
ment of the other if we are each going to do 
an efficient and effective job. 



The practice of using a data signal to 
measure circuit loss has caused serious mis- 
understandings. With many data line signals 
being nonsinusoidal , the meter wi 11 give dif- 
ferent readings depending upon whether the 
detector is peak, peak-to-peak, average re- 
sponding, root-mean-square or root-sum- 
square. While each of these detectors may be 
calibrated to read the same on sine waveform, 
there are considerable differences between 
them (on rectangular pulses for example) . 

Another common problem is the measure- 
ment of circuit noise using a wide bandwidth 
response meter. One customer measured cir- 
cuit noise in dBm using a popular AC VTVM. 
With a response of greater than 1 MHz, the 
meter actually measured the RF fi.eFd of a 
nearby radio station. Even without nearby RF 
fields, we have seen differences of greater 
than 30 dB between band-limited noise meters 
and wideband AC VTVMs . High frequency noise 
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HUMANITY IN MEGABITS AND MICROWAVES 
(Introduction to a seminar session) 
By 

Gerd D. Wallenstein, Consultant 
298 Austin Ave. , Atherton, Ca. 94025 
(415) 326-1902 

ABSTRACT 



The question has been asked* What is the 
computer/communi cat ions marriage* s impact 
on society? Attempting to find answers, 
we must first seek some useful definitions. 
These concern society and values, in 
particular 

Society, What society are we talking 
about? Is it the conglomerate of millions 
whose single common denominator is 
nationality? Is it a more specific culture 
within the national society, such as the 
white upper middle-class in the mldwestern 
United States? 

Reaching beyond the arbitrary limits of 
the nation- is it the International 
society of futurists, for example? 
Appropriately, at this point,, we may 
ask whether any of these societies is to 
be considered as it appears now , or as It 
may appear at some time in the future* 

For each of the societies so defined, an 
impact would be discernibly .different. 

Very likely, for ^ach society we might 
find multiple impacts of particular 
c omputer/c ommuni cat ions patterns. When we 
summarize, we would have a large matrix, 
relating societies to possible impact 
patterns. Until we have that matrix and 
tested methods to apply it, we should be 
wary of impact generalizations, as well 
as of exaggerated conclusions drawn from 
isolated, narrow-focus Impact studies 

Values. The continuous development of 
c omput er/ c ommunicat ions c omplexe s 
postulates that megabits married to 
microwaves represent values in their own 
rights.- The opposition to this view 
frequently emphasizes dehumanization, 
meaning a loss of human values*. Perhaps 
both views are too one-sided. We might 
learn from our experience with ecology 
and formulate our lesson as follow si 

Any definition of optimizing the human 
Xife experience- and it is clear that 
there are many such definitions-- centers 
on the concept of balance. When any 
contributing element is allowed to grow 
beyond a certain critical relationship 
to other elements, the conditions for 







balance are seriously disturbed. The 

same seems true when the opposite j 

happens- that is, a reduction of a 

contributing element below a certain a 

critical value. ] 

Disturbance of the balance does not 
necessarily mean degradation in a human 
value system- but it does mean that a 

new balance needs to be found. In an ; 

increasingly man— made environment, that 
balance may not come naturally. Mankind 
vi ill have to work on it consciously. 

Applying this concept to the computer/ 
communications syndrome, it seems to 

point the way to a most urgent task at ; 

hand. That task. is the study of a 
required balance of the rational and 

irrational human dimensions. Technology \ 

provides us with the fruits of our 
rationality; the taste and the quantities 
of these fruits are rapidly changing. 

What can be done to the fruits of our 
irrationality, to restore and maintain 

for us a balanced diet? This question 1 

needs to be explored, no matter how j 

elusive the answer may be. Possibly we ' 

may find the outlines of an answer, in jji 

the very act of the exploration. A ; 

first, useful step in that direction 

might be an exploration of their own 

irrationality on the part of those who 

practice the rational technology. We 

may discover a significant relationship 

here. If nothing else, we might experience 

more recognition for the Irrational 

human side- a prerequisite of the search 

for balance. 

Conclusion, To evaluate impacts on 

societies, definitions and exploration 

of human society and value systems are 

needed. This is a continuous task since 

Impacts are continuously changing. At | 

given points in time, a specific impact | 

may be predicted or statistically | 

evaluated. While some of this narrow— | 

focus can be very useful, much of it jjj 

may be comparable to evaluating the 

Impact of colliding cars on a crowded 

highway. The statistics are reliable 

and the predictions reasonably accurate- 

but they contribute little to a better 

balance of traffic needs and facilities. 
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SOCIETY: KEY ELEMENTS FOR THE FUTURE 



by Arnold Mitchell 
Senior Social Economist 
Stanford Research Institute 

One of many ways of studying society involves 
a "values approach." This approach takes the 
view that the principal moving forces in contem- 
porary American society are the changing 
needs, values, and beliefs of key segments 
of the population; that this nation is in the 
midst of a truly major phase-change into a 
"higher" set of values; that the emerging post- 
industrial future will be based upon these new 
patterns of needs, values, and beliefs; and that 
current trends can lead to the kind of pluralistic 
and prosperous future most of us say we want. 

Society can be richly — even elegantly — described 
in terms of some number of groups of people sharing 
certain patterns of needs, values, and beliefs 
(NVBs). These NVB patterns can be arrayed 
hierarchically in terms of levels of development 
as described in the schemata of human growth 
proposed by modem personality theorists. 

Each of these NVB groups pursues different 
aims in different styles. Core needs evoke support- 
ing values and beliefs and vice versa. And so a 
person (or a nation or an institution) in evolving 
through the stages of growth takes on profoundly 
different interests and life patterns as he grows. 

A poverty-stricken man, for instance, may devote 
almost all his time to surviving jjhysically. 
Dog-eat-dog morality animates him. However, as 
Ilis food and shelter needs are satisfied he turns 
his attention to protecting what he has. Suddenly 
respect for law and order replaces the earlier 
dog-eat-dog style. As he progresses, his central 
interests may eventually turn to accumulating 
material things as symbols of achievement. At 
first, his wordly goods are evidence that ho has 
risen above the poverty level. Later, they become 
symbols of high status in a society which evaluates 
men by their wealth. The man's style becomes 
acquisitive, driven, and competitive. 

There are influential groups now in the American 
society which have passed beyond these stages. 

They pursue goals which are beyond the imperatives 
of economic prestige. Although their numbers 
are still small, they tend to hold positions 
of disproportionate importance. When young, 
they tend to be among the student leaders; when 
older, they often appear in upper professional 
and management posts. This group — which we call 
the unfolders — seems to be the cutting edge of the 
future . 
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This way of looking at society suggests that the 
seeming chaos of societal trends, the about-faces, 
the unheralded events, the surprises unforseen by 
even the most acute observers stem from the emergence 
of a critical mass of unfolders within a society 
dominated throughout its history by materialistic, 
scientistic, deficiency-driven concerns. 

If this interpretation is anywhere near the 
mark, there are at least three types of futures that 
could result . 

First, it is certainly possible that the forces of 
inertia, status quo , and tradition could become so 
alarmed — even shocked — that they would impose iron 
suppression on society, resulting in some variant of the 
authoritarian state. A second reaction could be that 
of tokenism in accepting the values of unfolders. 

This seems reasonable to many on the grounds that this 
nation would be foolish indeed to discard wholesale 
the NVB system that has served so well for so long. 

But need the baby be thrown out with the bath 
water? A third kind of future might be built by 
selecting what is healthiest from the old and the 
new. So, as a nation, we would ask what human needs, 
values, and beliefs we wish to foster in addition to 
those provided for within the more limited framework 
of achievement values. The question is what we wish to 
add, not what we must lose; it is a question of where 
we want to go, as well as what we choose to flee from. 

What, it seems to me, we should be aiming for is 
a "synergy society," to use Ruth Benedict’s phrase. 

The synergy society is one in which the act of each 
individual serves not only his own good but that of the 
society. As a profound wit said, it is a society in which 
virtue pays. The synergy principle should do for the 
post-industrial society what the marketplace principle 
did for the industrial world: it should provide 

a mechanism by which the myriad, short-term, daily 
decisions taken in isolation by people in their personal 
and work lives add to a healthy and workable long-term 
development of society as a whole. 

But how might the "values approach" to social 
analysis be implemented? 

One would first wish to identify some manageable 
number of NVB sots that would adequately describe the 
American people. These clusters of NVBs — perhaps ten 
to twenty of them — can be visualized as layered strata 
arranged hierarchically within the society. One would 
then seek to correlate with these NVB groups more 
usual characteristics such as SES, demographic 
attributes, economic and political characteristics and 
so forth. Such information would provide one approach 
to the crucial task of forecasting NVB distributions 
in the future. In addition, depth interviews with 
members of each significant NVB group would ferret out 
their emerging and receding values, social concerns, 
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hopes, fears, dreams, plans, life styles, and 
so on. These data would be analyzed for $ 

qualitative shifts within NVB patterns, 
changing numbers in each cluster, trends in 
discrepancies between expectation and reality, 
alterations of power distributions, etc. The 
influence of environmental factors would have 
to be systematically considered. From these 
studies should come better intimations than 
we now have of nascent social trends, their 
points of origin, their proponents and 
opponents within and across NVB groups, 
their timing, force, style of expression, 
direction of development, and so forth. 

Studies of this sort should have great 
utility in a variety of research areas. 

For example, each NVB group could be 
studied for its sense of what constitutes 
the good life. Some sort of national 
quality of life index might ultimately be 
built up out of these data. If the 
approach could provide a "social radar," 
it should be, helpful to organizations 
concerned with anticipating and responding 
to social pressures. Application of the 
approach within institutions should 
facilitate effective management and improved^^^ 
organizational development. Finally, on a 
n&tltmal level ; the kinds of insight provided 
by studies should be useful in analyzing 

ov<i) .. :,mc5 subcultural goals, in identifying 

social hot-spots and hence in setting program 
pi iorita.es, and — of course — in setting 
n.4 policies aimed at "inventing" the 

futures we select. 

And so — to revert to the title of. this 
talk — it could well be that the key element for 
the future of this society is the kind of people 
we are and have the wisdom to become. 



THE SOCIETAL SIDE OF THE WIRED CITY 



With the existing levels of communication awareness 
today, there is considerable effort being devoted to 
the perusal and conjecture of the role communi- 
cation plays in creating social change. While some 
lay all of the ills of today at the footstep of 
telecommunications technology (TV particularly) , 
others look to the emergence of the '’Wired City" 
for the salvation of mankind. 

In spite of its accepted mystique, there seems to 
be no explicit definition of a "Wired City". The 
words appear to be only a term used by a 
community of "experts" for their own purposes. 

In reality cities have been wired for both power 
and communications for almost a century. 

From the context of use the implicit meaning 
suggests Wired City is a broadband system 
likened to that used for CATV distribution. It is 
contended that the cliche really constitutes a 
security blanket under which the lack of compre- 
hension and knowledge needed to design an 
adequate telecommunication systems for the future 
is hidden. 

This paper is intended to provide a broad-brush 
look at many of the social factors which are 
felt to be relevant to communications/t eiecom- 
munications understanding. The controlling 
elements for any "Wired City" are social and not 
technological in nature. Therefore pre-occupation 
with technology in advance of behavioural under- 
standing is bad. 

In spite of what the protagonists of "Wired City" 
might infer by the .offered technological 
solutions, relatively little exploratory work in 
telecommunications has been done in an effort to 
understand more of the communications process. 

The societal impact of the various/communications 
media can be judged by the proliferation and 
utility as perceived by the users. 

What is the relative prominence you personally 
would give in your own home to the following 
communication media. 

Television 

Radio 

Telephone 

Film Projector 

Phonograph 

Newspaper 

Magazines 

Books 

The order may vary a bit, but television and 
telephone probably consistently head the list of 
householder preferences. 



In the future, additions to this list will appear 
and satisfy further needs. The prediction of 
these additions requires more understanding of 
future social behaviour. Appropriate technology 
will then be applied. If it is non existent at 
the moment it will be invented for the requisite 
need. 

In other words technology will not determine how 
cities f the future will be wired. To, plan for 
this v must understand impending changes in 
those areas considered to be cultural and social. 
These areas constitute that part of behaviour 
which is influenced by custom and learned. Thus 
it can be changed to permit need satisfaction. 

For example when automobile transportation tech- 
nology was introduced new codes of behaviour 
evolved. The early automobile drivers soon 
developed rules of the road by concensus these 
became distilled as custom and up with both social 
stigmas and taboos. Highway construction and 
design now reflects this- 

In this context - wired cities will end up con- 
figured to match the behaviour patterns of the 
people - which is self evident. 

Further proof of the societal nature of communi- 
cation systems has been identified by Gordon 
Thompson, a scientist, philosopher at Bell-Northern 
Research in Ottawa. He has analysed the 
evolution of telecommunication innovation, and 
these common patterns related to displacement of 
one technique by another emerged. 

Each succeeding invention increased. 

1. The size of the shared common communication 
space 

2. The ability to access stored information 

3. The ease with which concensus could be 
established. 

Recently it is becoming evident that there are 
two others. A fourth - the number of wealth- 
creating opportunities is increased, eg. the 
range of available options for commercial action 
is increased through the ability to communicate. 

A fifth - relates to an increase in the sensiti- 
vity of a culture to the consequences of remote 
activity. 

All aspects of these measures involve information 
transfer between originators and consumers of 
information. It is evident that the distribution 
systems must recognize that Communications has 
these dimensions - it can function in real or 
delayed time. A real time system can provide for 
interaction or not depending on usage needs. 






The storage of large quantities of information 
is a major physical problem whether in homes, 
libraries, or businesses- Computers now 
provide new capabilities for information storage 
which is beginning to be used extensively 
throughout the business community. This 
capability will eventually be extended to the 
community at large. 

The person accessing the stored information 
has a usage related set of problems. 

1. The information must be stored in a way in 
which it can be retrieved easily. 

2. The stored information must be efficient 
in terms of the users behaviour. 

3. The form in which it is to be used when 
it is retrieved requires consideration of 
the user and his preferences in terms of 
his utilization function. 

4. The relevance of the offered information 
to the needs of the user. 



This has changed significantly in any community of 
moderate to large size. Failing this a larger 
segment of the population has been mobile and extended 
itself beyond the boundaries of the physical community 
which have been reflections of physical or political 
limits. In most cases it has been the political 
limit which has defined the community. 



In conclusion - there can be little doubt that 
technology and behaviour are related. However, in 
terms of future systems the controlling variable 
is the programming content itself. Beyond this, the 
technology used is influential only in terms of 
its efficiency. There is a degree of comprehension 
related to the technique used to disseminate it. 



Within that community in terms of the interpersonal 
relationships individuals with mobility have 

established a pattern of relationships significantly 
different from the definitions of political communities 
within which the physical aspects of life are limited, 
(houses, voting rights etc). 



Considerable time is being spent today 
talking about computer systems and information 
banks without specific reference to the social 
processes which would govern the use of the 
banks. There can be no effective design 
and development of these systems until this 
takes place. 

It must also be recognized that all existing 
communication systems which have had a major 
societal penetration and impact "have also 
generated a significant amount of standardi- 
zation in the technology. Standardization 
is the result of an implicit concensus between 
the manufacturers and users after a certain 
amount of experience with operating systems. 

This experience leads to modification. The 
process proceeds with diminishing utility until 
evolution ceases and standardization occurs. 
Language is the most evident of the stand- 
ardization events. Even so, there is room 
for major variance between large population/ 
ethnic entities, and within that, further 
room for individual variation. 

This all relates to the process of concensus 
forming which we have noted earlier as one 
of the four factors in the determination of 
the communication media itself. 

Within the context of discussion on ’’Wired City" 
it must be remembered that one of the features 
of society today is the mobility of people. 

One might argue that this reached is zenith 
with the automobile but modern aircraft, have 
done nothing but expand the horizons. This 
mobility is changing the community of interest 
of peoples and with this change goes some of 
the foundations of the social environment 
under which many of us have lived. We find 
ourselves in the position of knowing that our 
"community of interest has changed". The 
early reality in telecommunications was a 
community closed environment. Within its 
physical boundaries an individual had his 
total set of relationships. 






Author: D.M. Atkinson 

Bell Canada 
Montreal 
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ECONOMICS OF PRIVACY 

Ken R. Walters 

Pacific Telephone Co. 

lAO New Montgomery St. Rm. ^08 

San Francisco, California 9^105 



American "business is largely conducted "by 
stockholder-owned corporations which operate 
for a profit. These "business corporations may 
"be divided into three major categories: 

(1) Private corporations which engage 
in manufacturing, servicing, and mercantile 
activities that are motivated "by competition. 

It is this "private 11 that appears in the title. 
The thought I will try to convey is how the 
Bell System will look in its new role as 
competitor . 

(2) Financial corporations such as "banks 
and insurance companies. 

(3) Public utilities which provide 
ind espensible services under monopoly 
conditions with government regulation of 
price, profits and service quality. 

A T Sc T is the head of a family of 
regional operating telephone companies, each 
with its own president and "board of directors. 
While AT&T owns the stock in most of them, 
the companies themselves are responsible for 
many critical, autonomous decisions, particu- 
larly regarding problems associated directly 
with their local operations. 

AT&T also owns the Western Electric 
Company which manufactures or purchases most 
of the supplies and equipment used by the 
operating units, and jointly with Western 
Electric,, it owns Bell Telephone Laboratories. 



This basic structure has. existed 
unchanged for the better part of a century. 

The basic structure and policy foundations of 
the Bell System were the brain children of one 
man - Theodore N. Vail. Vail was the first 
general manager of the original Bell Telephone 
Company organized in Boston in 1878 and the 
first resident of AT&T which was incorpor- 
ated in 1885 . 

Vail patterned his structure of the 
telephone system after that of an existing 
institution that had- more than proven its 
social and survival values - our own federal 
government. To Vail's mind, the "Federal" 
structure, was that it provided for an 
effective division of responsibilities, and 
thereby an efficient means of managing very 
large resources. It was the goal of the 
fledgling telephone industry to eventually 
provide voice communication to points 
throughout the United States and as Vail 
put it, "by cable and other appropriate 
means to the rest of the known world." 

Before his dream could be realized, 
however, something had to be done about the 
needless costly and wasteful duplication of 
facilities that existed then as a result of 
competition between telephone companies 
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operating in the same geographic areas. 

Vail's solution was, "One System, One Policy, 
Universal Service". He campaigned vigorously 
for - and eventually won - government accept- 
ance of what came to be known as the "common 
carrier concept." This concept which 
eliminates unneeded and uneconomical dupli- 
cation of facilities has three virtues: 
Responsibility, Compatibility and Coordination. 

First it pinpoints the responsibility for 
service so that regulatory bodies can more 
effectively represent the telephone-using 
public . 

A second virtue of the common carrier 
concept is that it helps insure a close 
compatibility among the billions of intricate, 
interdependent parts that comprise the communi- 
cations network. 

The third virtue of the common carrier 
principle is that it permits a coordinated 
response to the communications needs and 
desires of telephone users, through appli- 
cation of what has come to be known as the 
systems concept. 

The outstanding economic characteristic 
of public utilities is that they can operate 
at greater efficiency as monopolies. Public 
utilities operate at lower unit costs under 
monopoly that under competition by eliminating 
costly duplications of facilities and by 
achieving decreasing average unit costs as 
utilization increases. 

Two examples of questions confronting 
the communications industry management right 
now are : 

( 1 ) What should the Bell System do to 
respond to the challenge of a competitor who 
has won FCC approval to provide specialized 
common carrier services between two of our 
large cities? Our rates are based on nation- 
wide average costs. The charge is the same 
for equivalent distances regardless of whether 
the route carries heavy traffic and is there- 
fore a low-cost route or a light traffic 
high-cost route. 

You can see that nation-wide average 
pricing has been a major factor in extending 
communications to the remotest parts of our 
great country. Should we abandon nation-wide 
pricing and price instead to meet or beat our 
competitor' s prices, as we very well can on 
the basis of the costs we experience between 
these two cities alone? If we meet the 
competition and cut our rates on that route 
alone, won't that burden the remainder of our 
customers with higher costs? On the other 
hand, if we don't meet the competition, isn't 
it inevitable that we would lose business and 
therefore some of the economies of scale that 
permit us to keep our charges low to all our 
customers? 



(2) Should the. Bell System charge the 
customer what it costs to install his tele- 
phone? Mr. Vsiil's answer to that question 
was no. In his drive toward universal service, 
he believed that initial charges should be 
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kept low and that the costs of* installation 
should, be recovered from our monthly charges. 

In summary 3 what effect will competition 
have on the communications industry? Long 
Range Incremental Costs and Usage Sensitive 
Pricing will become new phrases in our 
vocabulary. Prices will become more closely 
related bo costs, but the greatest change 
will be in the general attitude. It will 
become more '’marketing-oriented" by under- 
taking more market research programs, 
experimenting with new innovative services 
and generally being more responsive to 
special customer requirements. 



ABSTRACT 

THE IMPACT OF CYBERNETIC AND COMMUNICATION TECHNOLOGIES 
ON EDUCATION 

A panel presentation by 

REYNOLD B. JOHNSON 

EDUCATION ENGINEERING ASSOCIATES 



Educators, education institutions . and students are 
facing increasing problems of cost and effectiveness. 

The explosion of Information, the proliferation of 
careers and vocations and the requirements of our 
culture for more highly trained and educated profession- 
al and non-professional workers have placed demands on 
our educational institutions which cannot be met by the 
mere extension of our conventional teacher-classroom 
education system. With proper engineering, the. technol- 
ogies of communication and computers can be shaped into 
tools that will greatly improve the teacher's effective- 
ness and at the same time meet the diversity of learning 
needs of students. Far from dehumanizing the learning 
environment, the proper exploitation of technology can 
restore human interaction and learning in the affective 
domain to our schools. 

This paper will discuss cybernetic and communi cation 
technologies and the utilization of these technologies 
to improve the quality of life in the learning environ- 
ment . 



Abstract 

MACHINES AND TEACHERS 
Ralph Parkman 

Professor of Materials Science 
San Jose State College 
San Jose, California 95114 



Everyone is an expert on education. Each of us 
feels he knows what there is to applaud or to reject 
in the school systems through which he has passed. 

A concern about freedom vs. authority is one of the 
issues most often addressed in dialogues about 
public education; and many of the discussions 
revolve about the potential of modern technological 
devices and methods to free the student from the 
lock-step "tyranny" of mass instruction, so that he 
can proceed in the direction and at the pace most 
congenial to his abilities or interests. It is also 
ordinarily assumed that the teacher, too, will 
benefit from the employment of these technologies 
by being freed to pass on to the machine many of 
the onerous chores Gf record keeping and drill or 
practice type of instruction at the very least; 
thus permitting time for concentrating on the more 
creative aspects of the instructional process. 

The simpler forms of technology, as teaching 
aids, have long been a part of the educational 
picture, but there is now the often expressed hope 
that the computer will soon be capable of offering 
a novel dimension to education, bringing the 
concept of individualized instruction much nearer 
to reality. Computer systems, as adaptive devices 
with the capability for operating in a logical mode, 
have indeed shown some promise of reacting 
effectively to differences in response among 
individual learners. However, most of the 
successful experiments reported in the literature 
have involved small groups of researchers working 
under more or less controlled conditions with a 
relatively few students out of the total school 
population. Extending the limited experimental 
findings, contradictory as they sometimes are, to 
large public school systems involves problems of 
such magnitude and complexity that no one can yet 
say with certainty what effect the new educational 
technologies will have when considering the overall 
objectives for a public school system. 

This paper will consider some of the practical 
and philosophical problems related to applying 
technologies to the educational process. 
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